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TUMOURS OF THE LUNG' 
by 
Nils Westermark 


Introduction 


In this introductory paper on the roentgen diagnosis of pulmonary 
tumours I shall confine myself to the primary growths of the lung. In 
so doing I shall pay special attention to their early diagnosis. As regards 
the malignant tumours I shall also give an account of their progressive 
growth in the lung. Secondary growths will not be dealt with, nor tumours 
arising from adjacent organs, pleura, mediastinum, thoracic wall and so 
on, except in so far these tumours offer some particular interest in the 
differential diagnosis from the primary growths of the lung. 

In earlier papers read before the Swedish Society of Medical Radiology 
1934 and 1937, the Swedish Society of Pathology and before the fifth 
International Congress of Radiology in Chicago 1937 I have submitted 
accounts of my investigations into the roentgen diagnostics of bronchial 
cancer and its progress in the lung. 

In the present paper I shall also be dealing with benign tumours as 
well as primary sarcoma of the lung. As to bronchial cancer I shall mainly 
give an account of my earlier investigations with certain additional 
observations occasioned by further study of the subject. 

Since bronchostenosis has a great bearing on the diagnosis of primary 
growths of the lung I shall have to give a brief account of the roentgen 
d agnosis of this condition. At the last meeting of the Northern Associa- 
tim for Medical Radiology in Helsingfors 1936 I had the opportunity of 
bmitting my investigations into the roentgenology of bronchostenosis. 

‘ Read at the 9th Congress of the Northern Association for Medical Radiology. 
C-penhagen, June 29—30, 1938; submitted for publication Sept. 14, 1938. 

From the Roentgendepattment St. Gérans Sjukhus, Stockholm (Chief: N1.s WEsTER- 
.RK, M. D.). 

34— 380088. Acta Radiologica. Vol. XIX. 1938. 
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- Here I shall only very briefly describe the roentgen symptoms of bronx jo- 
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As to the particulars of the diagnosis of this condition I must : 
to this paper which is published in greater detail in Acta Radiolog a, 


d 


stenosis necessary for the proper understanding of the roentgen diagn sis 
of primary growths. 

From a roentgenological point of view bronchostenosis may be divi ed 
into three different stages, all according to the degree and extent of he 
stenosis. 

The first stage with slight stenosis brings about a slightly diminis ed 
aeration and hyperaemia of the pulmonary area located on the periph: ral 
side of the stenosis. This diminished aeration and hyperaemia appear on 
the radiogram as a lightly diffuse opacity. The bronchial distribut on 
within the lung will cause this opacity to assume in suitable projecti ns 
the shape of a wedge. In stenosis of the larger bronchi the wedge-sh: pe 
will be best apparent on a lateral picture. In stenosis of lesser bron:hi 
the wedge-shape will appear in projections best adjusted under screening. 

The second stage with a more marked stenosis gives rise to emphysema 
and anaemia of the pulmonary area located on the peripheral side of the 
stenosis. This emphysema and anaemia appear on the radiogram as a 
more translucent area. On account of the distribution of the bronchi in 
the lung this clarified zone will in suitable projections assume a wedge- 
shape. Since the lung also will be expanded in this area the wedge-shape 
will assume a convex outline. In well-marked forms the wedge-shape may 
disappear and the area assume a rounded contour. 

A transitory stage may occur between stage I and II with inspiratory 
density and expiratory clarification. 

The third stage with complete occlusion brings on obstructive atelec- 
tasis and hyperaemia of the lung area, located on the peripheral side of 
the stenosis, and in evidence as a massive opacity. Of reasons already 
mentioned the region assumes the shape of a wedge. Since the obstructive 
atelectasis also produces a reduction in volume of the lung area located 
on the peripheral side of the stenosis the wedge-shaped shadow will as- 
sume concave outlines. 

Bronchostenosis also gives rise to secondary changes in surrounding 
organs. The emphysematous condition of the lung area in stage II on the 
peripheral side of the stenosis will cause compression of the surrounding 

lung tissue. Thus will arise a more or less opacified margibal zone around 
the clarified lung area. Thanks to reduction in volume of the lung ara 
in obstructive atelectasis surrounding lung tissue will expand and cc 1- 
tain more air than is normally the case. In this way the opacified atel: »- 
tatic area will be surrounded by a zone of greater translucency. As 
result of the expension in stage II the diaphragm will be displaced dow - 
wards and on account of the reduction in volume in stage III it will > 
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ywn upwards. For the same reason heart and mediastinum will in 
ge II be displaced towards the healthy lung and in stage III be drawn 
r towards the affected lung. Moreover on account of variations in the 
ra, pleural pressure arising through expansion of the lung area in stage 
and reduction in volume in stage III in different phases of respiration, 
get a respiratory oscillation of heart and mediastinum. 


@ 


Benign tumours of the lung 


Bronchial tumours 


Benign tumours of the bronchi are very rare. Polypi, fibroma, pa- 
pi oma, lipoma, myoma, adenoma and chondroma are all described in the 
p: ho-anatomical literature. 

In the roentgenological literature Pretrrer has described a case of 
br nchial fibroma. This case showed on roentgen examination a mild 
op city of the base of the left lung besides definite oscillation of the 
m diastnum. No tumour could be seen. On bronchoscopic examination 
there was found a polypous tumour of the left main bronchus. On 
removal this growth proved to be a fibroma. 

CaUSSADE, SuRMOoNT and LAcAPERE have described a case of intra- 
bronchial chondroma. Bronchography revealed stenosis of the right 
main bronchus. On autopsy was found an oscillating tumour almost 
completely occluding this bronchus. The lower lobe showed signs of a 
well marked bullous emphysema. This case thus showed signs of broncho- 
stenosis with a valvular effect. 

I have myself observed a case of polypous tumour formation in the 
bronchus. Roentgen examination of this case (Fig. 1 and 2) revealed a 
massive wedgeshaped opacity with concave outlines in the right midlobe. 
Bronchography was carried out and revealed stenosis of the bronchus 
of this lobe. The stenosis was caused by a rounded bulging into the 
bronchus. On bronchoscopy was found a small polypous tumour causing 
stenosis of the lumen. On histological examination the polypus proved 
of tubercular etiology. 

ANDREN has described a case of myoma of the trachea which he dia- 
gnosed by roentgen examination. On roentgen examination a rounded 
shadow was found partly occupying the tracheal lumen. The tumour was 
removed and was found to be a rabdomyoma. 

In the literature I have found no case of adenoma of the bronchi 
d agnosed by roentgen. I have observed a case of that nature. (Fig. 3.) 

On roentgen examination this case showed a well localised wedge- 
s aped massive opacity in the anterior upper part of the left upper 
be. There was no tumour shadow to be seen. Six months later the 
} tient died of some other disease. Autopsy revealed a wedge-shaped 
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Fig. 1. Case of polypous formation in bronchus of midlobe (histological diagnosis tb.) 
Midlobe completely atelectatic with concave bounding surfaces. 


atelectasis of anterior upper part of the left upper lobe. At the tip of the 
wedge there was a well localised tumour the size of about a walnut. 


Fig. 2. Same case after broncho-~ 

graphy. Reveals small rounded projec- 

tion occluding the lumen of bronchus 
of midlobe. 


On histological examination it proved to 
be an adenoma. 

These bronchial benign tumours have 
thus produced a bronchostenosis of a 
roentgen appearance typical for this 
condition. In order to make a diagnosis, 
however, bronchography must be carried 
out. On such examination these benign 
bronchial tumours are found to cavse 
smooth rounded bulgings into the lumen. 
Similar depressions of the lumen my 
also be produced by changes outs'le 
the bronchus compressing this, such 
enlarged glands in the hilum or grow’ >: 
in- the mediastinum. It would se 
however that larger tumours in ¢ 
mediastinum and lymphomata can gen ° 
ally be directly observed on the rad 
gram. It happens however that tumo: ‘s 
and lymph-glands of smaller size wh 1 
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Fig. 3. Case of benign adenoma of anterior upper branch of bronchus of left upper 

lobe. Over the area of distribution of this bronchus there is a massive wedge-shaped 

shadow. In addition bilateral pleural exudates. On autopsy was found well-defined 

tumour, about the size of a walnut, completely occluding anterior upper branch of bron- 

chus of left upper lobe; corresponding to the distributive area of this bronchus wedge- 
shaped atelectasis with definite reduction in volume. 


roentgen examination is unable to reveal with certainty may produce 
a roentgen appearance also after bronchography, identical with that 
obtained in these benign bronchial growths, rendering a differential 
diagnosis impossible. 


Pulmonary growths 


Chondromata seem to be the most common of the benign tumours of 
the lung. In 1926 Hickey and Srmpson collected 40 chondromata from 
the literature. Out of these but 4 had been radiographed, of which one 
of Hickey and Simpson and one of Epiine 1917. 

In the great majority of these cases the tumours were located imme- 
diately under the pleura without having any connection with the bronchi. 
In but six cases there was some bronchial connection. In the great 

‘jority of cases the chondroma probably takes its origin from detached 
ronchial primitive layers in the lung since they contain all the elements 
ctaining to a bronchus. 

The tumours have presented a rounded or somewhat irregular massive 
s)adow in the lung, well localised. In all the cases irregular mottled 
c lcifications could be distinguished within the shadow. 
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Fig..4. - Case of. chondroma of: anterior lower part of left upper lobe. A rounded 


shadow here, nearly the size of a tangerine. Within this a number of irregular calcifica- 
tions. 


For my own part I have observed one case of chondroma of the lung. 
(Fig. 4.) On roentgen examination it showed a rounded massive shadow 
in the anterior_lower part: of the left upper lobe. Calcified areas could 
clearly be seen in the shadow. 

In some of the chondromata it is thus possible to recognise on the 
radiogram besides the tumorous shadow also signs of bronchostenosis. 

Besides chondromata we find described in the patho-anatomical 
literature cases of fibroma, myoma and angioma of the lung. 

In radiological literature there is only one such case described, by 
Key and WaAHLGREN. Since I had myself the opportunity of examining 
this case I shall briefly describe it here. (Fig. 5 and 6.) On roentgen 
examination it showed a kidney-like tumour located within the poster or 
upper part of the left upper lobe. It was situated in the periphery of tie 
lung and within there were a few spaces filled with air. Bronchograp) ic 
exemination showed bronchi to be intact. One did not succeed howe °r 
in getting the bronchi filled right up to the tumour. A diagnostic pnei- 
mothorax showed the tumour to be situated within the lung. It was > - 
moved and then proved to be a benign mesenchymal tumour proba! y 
arisen from the primitive layer of the lung. Inside the tumour there w« ¢ 
a few cavitations lined with epithelium probably corresponding to t ¢ 


air spaces seen on the radiogram. These spaces may be regarded as t -- 
developed bronchi. 
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It may be very difficult at 


tir es to distinguish tumours 


gr ving expansively within the 
lu from  extra-pulmonary 
grc vths, such as dermoid cysts, 
me iastinal and pleural tu- 
mc ws and such arising from 
th: thoracic wall. The differ- 
en’ al diagnosis is particularly 
dif cult in cases where an in- 
tra ulmonary tumour reaches 
the periphery of the lung. By 
bre achographic examination it 
wo ld generally seem possible, 
hov ever, to differentiate bet- 
ween intra- and extra-pulmon- 
ary growths because while the 
former grow expansively within 
the lung and thus tend to 
separate adjacent bronchial 
branches from one another, the 
latter compress and generally 
displace the whole lung causing 
the bronchi to be lying closer 
to one another within the com- 
pressed area than is normally 
the case. 

Diagnostic pneumothorax 
may also be of great use for 
the differential diagnosis since 
by this examination we can 
generally see whether the tu- 
mour is located within or out- 
side the lung. 
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Fig. 5. Case of mesenchymal benign tumour 
located in posterior upper part of left upper lobe, 
probably arisen from primitive pulmonary layers. 
A kidney-shaped well defined shadow can be 
discerned in upper posterior part of left upper 
lobe. Forwards and downwards into this shadow 
can be seen a hilum-like projection with airfilled 
cavitations. 


Most chondromata that have been radiographed have been wrongly 
diagnosed as echonococcus cysts. Yet according to CLAESSEN primary 
pu'monary cysts of that nature occur but very seldom. All cases observed 
by this author have on careful roentgen examination also shown signs 
of subphrenic echonococcus cysts. CLAESSEN maintains these tumours to 
be the primary ones which perforate the diaphragm and then in the 
se ond place invade the lung. Moreover echinococcus cysts generally 


show definite calcifications in the capsule. 
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Fig. 6. Same case after bronchography. Bronchi well filled without any changes. 
After diagnostic pneumothorax the tumour was found to belong to the left upper lobe. 
Tumour subsequently removed. 


Malignant tumours of the lung 
Cancer bronchiale 


During the period 1930—1937 I had the opportunity of examining by 
roentgen 55 cases of bronchial cancer. All have been verified and been 
repeatedly observed by roentgen examinations during a longer or shorter 
period of time. 

Histological examination of the tumours has shown either a milly 
differentiated cylindro-cellular cancer, a mildly differentiated squamo is 
cell epithelial cancer or a wholly undifferentiated form of cancer. Thos 
different patho-anatomical forms have occurred in about equal numb: 

Incidence. — Lately bronchial cancer seems to have become relativ 
more frequent in Sweden than earlier. Thus in my own material can 
of the stomach occurs 6.5 times as frequently as cancer bronchiale w! 
Nystr6m’s statistics about the cancer distribution in Sweden dur 
1911 and 1912 showed cancer of the stomach to be 74.5 times as comn 
as cancer of the lung. 
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Fig. 7. Location of cancer bronchiale in right lung. 


Other authors, too, have made similar observations. Thus FerEnczy 
and Mato.czy state pulmonary cancer to make up 10.5 % of all forms of 
cancer encountered at autopsies and SEYFARTH states the corresponding 
figure to be 15.5 %. 

Age. — In my own cases the age has varied between 38 and 77 years. 
More than half the number of cases have been under 50 years of age. This 
material would thus seem to indicate that bronchial cancer occurs at an 
earlier age than is considered the average for cancer generally, a state 
of affairs also pointed out by other authors (LENK and others). According 
to earlier statistics, however, the age incidence for cancer of the lung 
would seem on the whole to coincide with the average age for cancer. 

Sex. — According to most statistics male patients are supposed to 
suffer from bronchial cancer much more frequently than females. It is 
thus stated by FerEeNczy and Marotczy that for every female patient 
with bronchial cancer there are 3 males. In my own material bronchial 
cancer occurs 5 times as often in men as in women. According to Ny- 
eTROM’s statistics cancer of the lung was divided about equally between 
the two sexes. 

Localisation. — According to most authors the right lung is said 
‘9 be the seat of predilection of bronchial cancer (KAUFMANN and LENK 
_nd others) and regarding the lobes the upper ones are mostly affected. 
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Bronchus hyparterialis ventralis 3 , 
Bronchus hyparterialis ventralis 4 Bronchus terminalis — 


Fig. 8. Location of cancer bronchiale in left lung. 


Most authors also state that a main bronchus is generally the seat of the 
primary tumour. So is it stated by Wotr, KrkuTH and others that this 
is the case in no less than one-third of the cases. Cases not arisen from 
the main bronchi are considered having taken origin from one or other 
of the larger bronchial branches. More rarily is the cancer considered 
arising from any of the smaller bronchi. This view as to the localisation 
of bronchial cancer is mainly based upon experiences from autopsic 
material. Such material however shows the final stage of the cancer 
wherefore no definite conclusions can be drawn therefrom as to the prim- 
ary localisation of pulmonary cancer. 

The author’s material is made up of cases observed for a longer or 
shorter period from the time the condition was diagnosed till death; re- 
peated examinations of the cases have enabled one to follow their pro- 
gress in detail. One case was operated on one month after the diagnos 
had been made. The rest of the cases have been under observation fe: 
at least six months, most of them for 2—3 years. 

The bronchial cancer in these cases has been localised to the righ 
lung about three times as often as to the left. (Fig. 7 and 8.) It has a 
fected the lower lobes somewhat more frequently than the upper one: 
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Fig. 9. Case of cancer bronchiale. Within upper posterior part of right lower lobe 
local emphysema with convex outlines. 


In one case only was the primary cancer localised to < main bronchus. 
In all the other cases the tumour was localised at the first examination 
to a bronchial branch of the first — third degree. It is noteworthy that 
in all cases where one of the lower lobes was affected the cancer was always 
located in one of the dorsal branches. In the upper lobes on the other 
hand the distribution between ventral and dorsal branches has been about 
equal, 

Pathology. — From patho-anatomical point of view cancer bronchiale 
has been divided into three different types: tumours localised to the 
bronchial wall, tumours diffusely infiltrating the lung and tumours, 
circumscribed, located in the middle of a pulmonary lobe. 

LaneHANS has shown that the tumours generally arise from the 
secretory glands of the bronchi though at times they may take origin 
from the alveolar epithelium. My own cases are only made up of bron- 
chial tumours. 

Cancer arising from the bronchial wall consists either of a soft nod- 
wt or papillary tumour more or less occluding the lumen or else it 
rms a well localised stenotising infiltration of the bronchial wall. The 
mours may also extend around the bronchi so that we get a large 

> owth with a bronchus in the centre infiltrated with cancer. Tumours 
e considered either to extend peripherally into the bronchi right out 
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Fig. 10 b. 


Fig. 10. Same case one month later. Obstructive atelectasis can be seen formin: 
wedge-shaped massive shadow in upper posterior bronchial branch of right lower lo! ». 

Fig. 11. Same case after bronchography. The first dorsal branch of bronch s 
hyperterialis is seen to cause stenosis a few millimetre beyond its origin. The steno 
presents an uneven jagged outline. Bronchoscopy showed a bleeding growth in the fr 
dorsal branch of bronchus hyparterialis. 
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Fig. 12. Case of cancer bronchiale. Within anterior part of left upper lobe there 
is a local emphysema forming a local »clearing up» in the radiogram. 


a b. 


Fz. 13. Same case after bronchography. In the bronchus of the upper-lobe there 
i an irregular torn outline within an area of about 1 cm. On bronchoscopic examination 
a bleeding papillomatous tumour. 
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Fig. 14. Case of cancer bronchiale. In the posterior part of right lower lobe a local 
emphysema, particularly well apparent during expiration. 


to the alveoli without infiltrating the lung or else assume a more in/il- 
trative growth causing them to break through the bronchial wall and 
invading surrounding lung parenchyma. In the first place we speak of 
a pneumonia carcinomatosa. In other cases the tumour may be confined 
to the nearest surroundings of the bronchi, extending along these 


peripherally and forming thick string-like infiltrations radiating into the 


Fig. 15. Same case after bronchography. 

The second dorsal branch of bronchus 

hyparterialis is seen to cause a cornet-like 

stenosis about 1 cm. from its origin. 

Bronchoscopy revealed a bleeding tu- 
mour in this bronchus. 


lung. Finally the cancer may also 
invade the lymph-channels which 
become infiltrated in a retrograde 
direction causing thick lymph-strings 
to radiate into the lung. In this way 
we get the picture of so-called lymp- 
hangitis carcinomatosa. Ali these 
forms are thus considered extending 
from the primary focus in a peripheral 
manner into the lung. 

The second type of tumour forins 
a diffuse infiltration which may aff ct 
the major part of a lobe or an ent re 
lobe. 

The third type, the circumscrib »d 
tumours, which are located in fe 
middle of a lung lobe are made p 
of relatively benign growths. Th ‘e 
tumours have no infiltrative man? ‘T 


- 
518 
q 
bee. . 4 
| ol 
M 
a. b. st 
of 
lo 
Wy 
7 


ROENTGEN DIAGNOSIS OF PRIMARY TUMOURS OF THE LUNG 


16 a and b. Case 
cancer bronchiale. 
sive wedge-shaped 
low in posterior part 
ight lower lobe and a 
| emphysema within 

»erior part of the 
wer lobe and in the 
middle lobe. 


Fig. 16 b. Fig. 17. 

Fig. 17. Same case after bronchography. Widespread stenotising infiltration of 
b-onchus hyparterialis. The dorsal branches corresponding to the atelectasis are entirely 
ec astricted. The anterior branches corresponding to the emphysema show a cuff-like 
-nosis. 
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a, b. 
Fig. 18. Case of cancer bronchiale. The lower posterior part of the right lower lobe 
is the seat of a rounded, well defined, somewhat irregular shadow which seems to enclose 
the air-containing bronchial lumina. 


of growth but extend expansively into the lung and are often surrounded 
by a capsule. 
These different types of tumour may also combine in various ways. 


Roentgenology. —- Among the 55 cases of cancer bronchiale that I 
have seen 53 have shown signs of bronchostenosis as the first symptom. 
In the early cases one was unable to find any sort of tumour shadow at 
the first examination. It was only in the more advanced cases that tum- 
ours or metastases were found in the hilum on the first occasion, besides 
bronchostenosis. 

Out of the 55 cases 2 showed at the first examination well defined 
tumours surrounding an air-containing bronchus without any broncho- 
stenosis being formed. One of these cases then also showed signs of meta- 
stases in the hilum. 

Among the 53 cases of bronchostenosis 16 of them at the first examina- 
tion showed signs of valvular stenosis. (Fig. 9—12, 14 and 15.) Thus they 
all presented a local wedge-shaped translucent area, owing to emphysema 
and anaemia of the lung, corresponding to the distributive area of a « e- 
finite bronchus. In 15 of these cases one could find no change exc: 
this valvular stenosis. In one of the cases there were besides this char » 
also signs of metastatic glands in the hilum. 

Among the cases with bronchostenosis 37 of them showed at the fi 
examination signs of complete bronchostenosis with obstructive atelecta. ‘s 
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Fig. 19. Case of cancer bronchiale. Fig. 20. Same case 2 months later. 
In the posterior lower part of the The massive wedge-shaped shadow 
right lower lobe there is seen a mas- can now be seen occupying the entire 
sive wedge-shaped shadow with con- posterior part of the right lower lobe. 
cave outlines. It is clear therefore that the atelec- 
tasis has spread to major portions of 

the lower lobe. 


of the lung area corresponding to the stenosed bronchus. (Fig. 10 and 16.) 
In all the cases the obstructive atelectasis appeared as a wedge-shaped 
massive opacity with concave boundaries. In 10 cases one could also 
observe, at the seat of the stenosis, a rounded or irregular shadow fusing 
with the opacity caused by the atelectasis. In addition one case presented 
distinct metastases. 

In the great majority of the early cases therefore one could only find 
signs of bronchostenosis without any other changes pointing to tumour. 
The diagnosis of tumour necessitates a bronchographic examination. This 
examination should be carried out in every case of chronic broncho- 
stenosis with doubtful etiology. Since the site of the stenosis has already 
earlier been localised this examination only requires a slight amount of 
opaque substance. At St. Géran’s Hospital we have generally been able 
to manage with about 2—5 cc. Before injecting the contrast which consists 
of iodised oil, lipiodol or iodipin, the pharynx and hypopharynx are 
enaesthetised by painting with 2 % pantocain. One should avoid anaes- 
‘hetising the tracheal mucous membrane or the bronchi lest the patient 

hould be unable to cough up the contrast as soon as possible. The in- 
‘action is carried out by means of a bent catheter through the mouth 
vith its tip lying immediately above the larynx. During the injection the 
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Fig. 21. Same case six months later 
after bronchography. The atelectasis 
is then seen to have become still more 
widespread. In addition there is seen 
a distinct emphysematous area in 
the midlobe. On bronchography we 
see extensive infiltration of bronchus 
hyparterialis with torn and irregular 
outlines. The posterior branches as 
well as the lower anterior branches 
are completely occluded. The first 
ventral branch leading to the middle 
lobe presents a cufflike infiltration 
with incomplete stenosis. 


patient is placed in such a position as to allow the contrast to run do 
to the stenosed bronchus. To facilitate this one may have to shift ¢ 
patient’s position both during the injection and immediately afterwar 
With some experience however it is generally managed quite well. 
the use of this technique the risks of the examination would seem vi 
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a 


insignificant. Since we introduced t 

method we have thus seen no drawb: 

from the bronchographic examinati 

which has been carried out in over 5 

cases. Already after a few hours t 

patient has generally entirely got : 

of the contrast substance by coughi. 
it up. Only in exceptional cases wh 

an irritable cough in the patient or 
technical difficulties have necessitated 
the use of a larger quantity of opaque 
substance, small rests of substance 
have sometimes remained in the paren- 
chyma. 

In a bronchograph the cancerous 
growth appears as a continuous defect 
in the fillmg. It presents stiff and torn 
outlines and causes to a larger or 
smaller degree stenosis of the lumen. 
In the case of complete stenosis this 
generally assumes the shape of a stiff 
and torn cornet. The defect may en- 
croach upon several adjacent bronchial 
branches. Thus in a few cases the 
defect had brought about complete 
obstruction of one bronchial branch 
and incomplete stenosis with valvular 
effect of a neighbouring bronchus. 

The two cases which at the first 
examination, revealed a well defined 


tumour without any signs of bronchostenosis showed both of them on 
bronchographic examination a well localised rounded shadow right in t! ¢ 
middle of the right lower lobe. (Fig. 18.) In the centre of the shadow or 
could in both cases recognise air-containing bronchial lumina. The latt ° 
appeared as thinner parts within the shadow. 

Progress. — As already mentioned in 15 of those cases showing sig: ° 
of valvular stenosis there was no infiltration whatever in the lung b - 


sides the bronchostenosis observed. In these cases therefore one cou | 
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b. 
Fig. 22. Case of cancer bronchiale. In the anterior part of the right upper lobe 
corresponding to the distributive area of the anterior branch of bronchus hyparterialis 
there is a massive wedge-shaped shadow with concave outlines. 


exclude infiltration of the lung outside the bronchus. The progression 
in most of these cases had subsequently led to complete stenosis with 
obstructive atelectasis. In subsequent examinations of these cases, as in 
nearly all of the rest, where obstructive atelectasis was present even at 
the first examination without any outside infiltration, it could be seen 
how the obstructive atelectasis had spread to larger and more centrally 
situated parts of the lung. (Fig. 19—24.) During further growth of the 
tumour the bronchostenosis has thus spread to more centrally located 
bronchial branches which shows that the cancer here spreads in a central 
direction. In the final stage the state of obstructive atelectasis has ge- 
nerally been very widespread including the greater part of one lobe or 
several lobes. In this stage one could also often recognise directly the 
bronchostenosis and the tumour in the bronchus. At the autopsic examin- 
¢tions we found in most cases that the cancerous infiltration had extended 
~ght up to the main bronchi. One could also observe in some cases how 
‘he reduction in volume occasioned by the obstructive atelectasis had 
een raised and exchanged for expansion of the infiltrated area. This 
oints to the cancer also having infiltrated the lung on the peripheral 
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Fig. 23. Same case 2 months later. The right Fig. 24. Same case after broncho- 

upper lobe is now atelectatic with its lower graphy. We now see complete 

outlines concave. It is clear therefore that the occlusion with a torn and cornet- 

atelectasis has become more extensive since the like stenosis of bronchus 
last examination. hyparterialis. 


side of the original stenosis. In some cases liquefaction had also taken 
place in the infiltrated region causing more or less irregular attenuations 
to appear on the radiogram. In this final stage the cancer had thus caused 
infiltration of an entire lobe or most of it; in some cases necrosis follows. 
This is the way then in which the diffusely infiltrating form of cancer arises, 
a form that can probably be regarded as a terminal stage. The presence 
of such diffuse infiltration of the lobe has also been verified at autopsic 
examinations. The final stage of the various forms show the appearance 
we know from the pathological forms of cancer bronchiale. 

So far the author’s material is concerned it is evident therefore thet 
most cases of cancer bronchiale at an early stage brings on a broncho- 
stenosis and that this generally is the first symptom that can be detecte'| 
by radiography. It is only generally at later stages that tumor shadow ; 
can be directly observed with well defined or diffuse infiltrations of a lobe. 
It is of great importance therefore for an early diagnosis of cancer bro: - 
chiale to be able to recognise the changes brought about by bronch: - 
stenosis. Furthermore it 1s necessary in every case of chronic bronch«- 
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Fig. 25. Case of sarcoma pulmonum. In the right lower lobe there is a rounded 
homogeneous shadow the size of a tangerine. 


stenosis to undertake a bronchographic examination, for thereby we are 
able at an early stage with fairly great confidence either to make or 
exclude the diagnosis of cancer bronchiale. 


Differential diagnosis. — In the first place we have to consider other 
forms of chronic bronchostenosis caused by tuberculosis, chronic bron- 
chitis, bronchiectasis, chronic pneumonia, foreign bodies etc. On broncho- 
graphy, however, as already mentioned, cancer infiltration appears as a 
continuous defect which in some cases may include several adjacent 
bronchial branches. The defect shows a stiff and torn outline. On the 
other hand in acute tuberculosis with signs of bronchostenosis we find 
multiple and separate foci of stenosis with normal bronchial branches 
between the different foci. As a rule stenoses of this kind have also a 
soft rounded outline. Bronchitis also presents multiple stenoses separate 
from each other and with a soft rounded outlines. Bronchiectases appear 
us diffuse or spindle-shaped expansions of the lumen without any filling 
of the bronchial branch. The stenotic constrictions are also here softly 
rounded and one can find no infiltration or necrosis as in cancer. 

Those cases of cancer bronchiale presenting a well defined tumour 

ave shown a rounded or somewhat irregularly shadow. This shadow 
iffers from those caused by benign tumours or sarcomata — to be dealt 
vith later — by its being non-homogeneous because of the airfilled bron- 
hial lumina to be observed within. 
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Sarcoma pulmonum 


The roentgen appearance of sarcoma of the lung has been describ | 
by GrunmacH, KOHLER, Krause, OTTEN, ASSMANN and others. T 2 
condition however seems to be relatively rare. 

Sarcomata are characterised by their expansive mode of growt ; 
they form rounded more or less voluminous tumours which may occu y 
a whole lobe or even an entire lung. Intrabronchial stenotising ped: - 
ulated sarcomata also occur. 

Roentgenologically sarcomata appear as larger or smaller round: | 
massive and homogeneous shadows located in the centre of a pulmona: y 
lobe or in the case of larger tumours occupying an entire lobe or most f 
the lung. 

I have observed two such cases. 

One of them showed when first examined a rounded homogeneous 
shadow the size of a tangerine situated right in the middle of the right 
lower lobe. (Fig. 25.) At a subsequent bronchographic examination the 
right bronchus hyparterialis showed a stenosis caused by some process 
bulging into the lumen with a stopper-shaped rounded upper contour. 
A month later there arose complete obstructive atelectasis of the right 
lower lobe. The tumour could then no longer be seen. The patient died 
at the end of twelve months. At the most-mortem examination most of 
the atelectatic lover lobe was found infiltrated by a tumorous growth. 
The original growth could be distinguished within these tumorous masses 
as a rounded well defined tumour the size of a tangerine. This tumour 
continued into a polypous process, about the size of a little finger, which 
invaded the right main bronchus. Histological examination revealed a 
undifferentiated malignant mesenchymal tumour probably originating 
from the lung parenchyma. 

The second case showed a tumour, the size of a male head, occupying 
the whole of the right lower lobe. There was a massive shadow occupying 
the whole of the lower part of the lung field. The shadow had an upper 
and anterior rounded boundary. There were large masses of glands in 
the hilum and mediastinum. Bronchography showed stenosis of the 
right bronchus hyparterialis caused by irregular infiltration of thot 
bronchus. On autopsy was found a tumour as large as a male head ocev- 
pying the em ‘e lower lobe. This was atelectatic. Large metastat ° 
glands in hilum a mediastinum. Histological examination revealed t! 
same tumour structure as in the previous case. 

Both these cases thus showed a roentgen appearance which on tl! 
whole corresponds to the picture earlier described for lung sarcoma. / 
their final stage however both cases showed signs of bronchostenos 
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» used by tumour infiltration of the bronchus. This bronchostenosis 
s oms however to be a secondary phenomenon while the tumour had pri- 
pn arily been located in the lung lobe. 

Regarding the differential diagnosis the same views mainly hold as 
e clier referred to in connection with pulmonary benign tumours. In 
o ler to settle whether the tumour is of malignant or benign character 
r 
V 


. liological treatment should be resorted to; this because sarcomata are 
, cy sensitive to irradiation and rapidly decrease in size under roentgen 
adiation whereas the benign tumours remain unaffected thereby. 


SUMMARY 


As to benign tumours of the lung a line can be drawn between bronchial and pul- 
monary tumours. The former grow within the bronchi. From a patho-anatomical view- 
peint following kinds are recognised, polypus, fibroma, lipoma and adenoma. These 
tumours give rise to bronchostenosis which condition comes to dominate the roentgen 
picture. Bronchography is necessary for diagnosing the condition. The pulmonary tumours 
grow expansively into the lung and are often congenital. They extend to the periphery 
of the lung. Chondromata are the commonest. These appear as rounded or somewhat 
irregular shadows in the lung, generally with calcifications in the tumour. Other mesen- 
chymal tumours also occur. In order to distinguish these from extrapulmonary growths 
bronchography should be carried out and diagnostic pneumothorax induced. 

Among malignant tumours a distinction is made between cancer bronchiale and sar- 
coma pulmonum. The former condition in most cases gives rise to bronchostenosis. This 
is generally in evidence on the radiogram earlier than the tumour shadows. For the sake 
of making an early diagnosis one should thus consider the changes brought about by the 
bronchostenosis and carry out bronchography. In early stages the cancer is generally 
localised to finer bronchial branches. From here it then progresses in a central as well as 
peripheral direction. At the final stage either extensive infiltration of an entire lunglobe 
or metastases in the hilum dominate the picture. 

In rare cases, and then generally a more benign form of cancer, the tumour takes on 
an expansive form of growth and forms well defined rounded tumour shadows around 
air-filled bronchi. 

Sarcoma pulmonum is a relatively rare condition. Such tumours grow expansively 
in the lung and form larger or smaller rounded homogeneous tumour shadows. 


ZUSAMMENFASSUNG 


Betreffs der benignen Lungentumoren lisst sich zwischen den bronchialen und pul- 
monalen Tumoren eine Grenze ziehen. Die ersteren wachsen im Innern der Bronchien. 
In der pathologisch-anatomischen Literatur sind folgende Arten beschrieben: Polypen 
\ibrome, Papillome, Lipome, Myome, Adenome und Chondrome. Diese Tumoren rufen 
ene Bronchostenose hervor, die im weiteren Verlauf das Réntgenbild beherrscht. Zur 

iagnose des Leidens ist Bronchographie notwendig. Die Lungentumoren, von welchen 
viele kongenitaler Natur sind, wachsen expansiv in die Lunge und breiten sich zur Lun- 

nperipherie hin aus. Am hiufigsten sind die Chondrome. Sie erscheinen als rundliche 

der etwas unregelmiissige Schatten in der Lunge, im allgemeinen mit Verkalkungen 
n Tumor. Auch andere mesenchymale Tumoren kommen vor. Um diese von extra- 
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pulmonalen Geschwiilsten unterscheiden zu kénnen, ist Bronchographie auszufiil 
und diagnostischer Pneumothorax anzulegen. 

Unter den malignen Tumoren ist zwischen Cancer bronchiale und Sarcoma ; 4l- 
monum zu unterscheiden. Das erstere ruft in den meisten Fiillen Bronchostenose her” 5r. 
Diese ist auf Radiogrammen im allgemeinen friiher zu erkennen als die Tumorschat y. 
Behufs Friihdiagnose sollte man also die Veriinderungen beachten, die durch Bronc o- 
stenose hervorgebracht werden und Bronchographie ausfiihreti. In friihen Stadien st 
das Karzinom gewéhnlich in feineren Bronchienzweigen lokalisiert. Von hier aus schre et 
es dann sowohl in zentraler als auch in peripherer Richtung fort. Im Schlussstad: im 
ist entweder extensive Infiltration eines ganzen Lungenlappens oder Metastasenbild) ng 
im Hilus der vorherrschende Zag im Bild. 

In seltenen Fillen, und dann im allgemeinen bei einer benigneren Karzinomfo: 1, 
nimmt der Tumor eine expansive Wachstumsform an und gibt gut begrenzte rundli-he 
Tumorschatten rund um luftgefiillte Bronchien. 

Sarcoma pulmonum ist relativ selten. Solche Tumoren wachsen expansiv in die 
Lunge und bilden gréssere oder kleinere rundliche, homogene Tumorschatten. 


RESUME 


En ce qui concerne les tumeurs bénignes du poumon, on peut distinguer entre tumeurs 

bronchiales et tumeurs pulmonaires. Les premiéres se développent dans les bronches. 
Au point de vue pathologo-anatomique, on reconnait les fuivantes catégories, soit le 
polype, le fibrome, le lipome et l’adénome. Ces tumeurs donnent lieu 4 une bronchio- 
sténose, état qui domine le radiogramme. La bronchographie est nécessaire pour le 
diagnostic de l'état. Les tumeurs pulmonaires se développent expansivement dans le 
poumon et sont souvent congénitales. Elles s’étendent vers la périphérie du poumon. 
Les chondromes sont les plus communs. Ces derniers se présentent comme des ombres 
arrondies et quelque peu irréguliéres dans le poumon, généralement, avec calcifications 
dans la tumeur. D’autres tumeurs mésenchymateuses se rencontrent également. Afin 
de les distinguer des croissances extra-pulmonaires, on doit opérer une bronchographie 
ainsi qu'un pneumothorax diagnostique. 

Parmi les tumeurs malignes, une distinction est faite entre le cancer bronchial et le 
sarcome pulmonaire. Le premier état donne lieu & bronchosténose dans la plupart des 
cas. Ceci apparait généralement avec évidence, sur le radiogramme, avant l’apparition 
des ombres tumorales. Dans le but d’établir un diagnostic précose, il y a donc lieu de 
considérer les altérations provoquées par la bronchosténose ainsi que d’opérer une bronclio- 
graphie. Dans les stades précoces, le cancer est généralement localisé & de fines rami- 
fications bronchiales. Il progresse ensuite, de ce point de départ, tant en direction cen- 
trale qu’en direction périphérique. Au stade final, image est dominée, soit par l’infilt: 
tion extensive d’un entier lobe pulmonaire, soit par des métastases dans le hile. 

Dans quelques rares cas, présentant généralement une forme plus bénigne du canc:r, 
la tumeur prend une forme de croissance expensive et forme des ombres tumorales : 
rondies et nettement définies autour de bronches remplies d’air. 

Le sarcome pulmonaire constitue un état relativement rare. De telles tumeurs croisse: t 
expansivement dans le poumon et forment des ombres tumorales homogénes arrondi : 
plus ou moins grandes. 
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ROENTGENTHERAPIE DANS LES MALADIES 
RHUMATISMALES' 


E..périence de plus de dix ans, fondée sur environ 5,000 cas et plus de 
30,000 séances 


par 


le Professeur-agrégé G. Kahlmeter de Stockholm 


Dés 1897—1898, quelques tentatives furent faites d’appliquer, dans 
quelques rares cas, la roentgenthérapie au traitement de diverses affec- 
tions rhumatismales. Pendant plus de 25 ans, le champ nouveau ainsi 
ouvert & la roentgenthérapie resta cependant des plus restreinte, ce qui 
est d’autant plus surprenant que la plupart des publications — & la vérité 
assez clairsemées — qui virent le jour durant cette période signalaient 
des résultats satisfaisants et fort encourageants. Personellement, j’ai 
commencé dés 1922—1923 & recourir & la roentgenthérapie dans les cas 
rebelles de sciatique et j’ai publié en 1924 trente-quatre cas de cette affec- 
tion soumis & cette méthode thérapeutique. Au cours des années 1925— 
1926, je commengai & |’étendre aux diverses formes d’arthrites. 

Le premier travail consacré & la roentgenthérapie des arthrites et re- 
posant sur un matériel de quelque importance, fut publié en 1925 par 
Sraunte (400 cas). Cette étude fut suivie des travaux de KrEuzwALp 
(1926, 100 cas), de von PANNEWITz (1927), de Kraus (1927, 285 cas) et 
de KAHLMETER (1929, 94 cas; 1930, 155 cas; 1931, 200 cas; 1932, 570 cas 
et, 1937, 4,000 cas). 

Dans la littérature médicale francaise, on trouve les publications de 
DaussEt (1930 et 1935), qui fut en France, jusqu’é sa mort, survenue en 
1937, un véritable pionnier de ce domaine thérapeutique, et de HAGUENAU; 
ees deux auteurs avaient surtout appliqué la roentgenthérapie aux 
coxarthries et ils avaient obtenu des résultats si satisfaisants qu’ils con- 
s:déraient cette méthode thérapeutique comme l’arme la plus efficace 
entre ce genre d’affections. 


1 Rapport présenté devant le 9'™* Congrés de la Société Nordique de Radiologie 
) sdicale, Copenhague les 29—30 juin 1938. 
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Les littératures anglaises et américaine renferment également q °| 
ques publications, datant de ces derniéres années, et notamment ce es 
de Scorr (1935 et 1936), de GARLAND (1935) et de HapLEy (1935). 

étude la plus importante publiée au cours de ces derniéres anr es 
sur la roentgenthérapie appliquée aux affections articulaires est toute >is 
celle de von PANNEWITZz, qui date de 1933. C’est notamment cet aut ur 
qui, le premier, a tenté, tant par des expériences sur |’animal que par «ne 
analyse rigoureuse d’un matériel clinique important d’ostéoarthrite ¢- 

formante (1,500 observations), suivi & longue échéance (6 ans et der i), 
d’établir des directives nettes, & l’égard des indications thérapeutique: et 
du dosage de l’application roentgenthérapeutique. Qu’il me soit per: iis 
de signaler ici briévement quelques uns des résultats atteints par Vn 
PaNNEWITz. Ainsi qu’on devait s’y attendre, les lésions articulai:es 
objectives, décelables par la radiographie, n’ont pas subi, du fait du traite- 
ment, de modifications notables, pas plus qu’on n’a observé d’arrét du 
processus déformant dont les articulations étaient le siége. L’action de la 
thérapeutique consiste uniquement dans une atténuation des troubles 
subjectifs, des impotences fonctionnelles et, éventuellement, des symp- 
témes inflammatoires existants; & ce point de vue, toutefois, il faut bien 
— si l’on considére qu’il s’agissait d’arthrite déformante — considérer le 
résultat obtenu comme trés satisfaisant. Des 1,500 malades traités par 
des méthodes et des doses diverses, 30 % furent entiérement exempts de 
troubles fonctionnels, 37 % furent l’objet d’une »amélioration notable», 
18 % furent améliorés et 15 % seulement restérent rebelles au traite- 
ment. L’age du malade ne jouait aucun réle, mais les résultats théra- 
peutiques se sont trouvés d’autant meilleurs que le traitement avait 
été institué d’une fagon plus précoce aprés l’apparition des troubles fone- 
tionnels. Le degré des lésions constatées sur les radiographies est sans 
signification notable en ce qui touche l’action thérapeutique, et, du point 
de vue du résultat clinique du traitement, il est »xomplétement indifférent» 
que les lésions articulaires objectives soient en voie de progression ou 
qu’elles demeurent stationnaires. En ce qui concerne |’intensité des doses 
radiologiques, l’espacement et le nombre des séances, VON PANNEWITz ost 
parvenu & un »schéma» statistique qu’il considére comme nettement 
idéal. Au nombre des malades traités suivant ce »schéma idéal», von 
PANNEWITzZ accuse 94 % d’améliorations ou de cessation de tous troub °s 

fonctionnels et 6 °{, seulement d’insuccés. 

Pas plus que les auteurs qui l’ont précédé, v. PANNEWITz ne peut ¢ «- 
pliquer le mode d’action de la roentgenthérapie. Dans l’ostéoarthrite « °- 
formante, il ne peut guére étre question que de l’action analgésique «°- 
nérale, connue depuis longtemps et fréquemment constatée, qu’exerce a 
roentgenthérapie, et cette action est encore plus difficilement explica' e 
que celle que donne parfois trés nettement cette méthode thérapeutic ¢ 
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3 les lésions articulaires inflammatoires sur les symt6émes inflamma- 
to es eux-mémes des capsules articulaires et des tissus périarticulaires. 
Le théories les plus diverses continuent & étre émises de divers cétés 
su l’action roentgenthérapique, ainsi que je l’ai déja signalé dans ma 
co ‘munication & la Royal Society of Medicine, en 1932, sans qu’il y ait 
int rét & y revenir ici. 

{vant d’exposer ici les résultats auxquels je suis parvenu, je crois 
de oir indiquer d’une fagon plus détaillée les doses et l’échelonnement des 
sé: ices que je pratique actuellement dans mon service. Ces détails 
tec niques du traitement ont, sans aucun doute, une trés grande import- 
an °, plus grande peut-étre qu’on ne le croit généralement ou qu’on ne 
ait antérieurement imaginé. 

a tension des ampoules est de 173 kw., l’intensité de 6 milliampéres 
et « filtre de 0.5 Cu+1Al. La distance du foyer & la peau est de 30 cm., 
sai f pour les champs de 15 x 20 cm., ot elle est de 40 cm. La dimension 
la plus courante du champ est de 10 x 15, encore que l’emploie également 
des champs de 8 X 10 cm. 

Avec la technique précitée, on obtient, pour un champ de 10 x 15 
cm., 1 »H. E. D» = 1,000 r. 

Dans la plupart des cas, nous appliquons, comme on le voit, une série 
de doses de 150 & 200 r par séance (soit 1/7 & 1/5 H. E. D.), répétées deux 
a trois fois & 2 ou 3 jours d’intervalle. Aprés une interruption de 4 a 6 
semaines, on reprend, si le besoin s’en fait sentir, une deuxiéme série 
identique parfois suivie, au bout de 6 & 8 semaines, d’une troisiéme série. 

Les doses ci-dessus ne sont sujettes & variations que, d’une part dans 
les »bursites» aigués et les »péritendinites», ol nous pratiquons, & 2 ou 3 
jours d’intervalle, 1 & 2 séances a doses plus fortes (200 r., soit 1/5 H. E. D.), 
ce qui constitue en quelque sorte un traitement »abortif» et, d’autre part, 
dans les arthrites gonococciques aigués, ou nous appliquons, en 3 ou 4 
séances & 2 ou 3 jours d’intervalle 75 & 100 r (soit 1/13 a 1/10 H. E. D.), 
ce qui correspond en somme & la méme dose fs que dans les »bursites» 
aigués, répartie sur un plus grand nombre de doses fractionnées. II s’agit 
dene également ici d’un »traitement abortif», ayant cependant a un 
degré moindre le caractére de »traitement de choc» que celui des bursites 
aiués. 

La grandeur du champ dirradiation est établie d’aprés les dimensions 
de Varticle. Dans la plupart des cas, elle est de 10 x 15, mais elle peut 
étre aussi de 8 X 10 et de 15 x 20, ces derniéres dimensions s ‘appliquant 
p is particuliérement aux »champs radiculaires» dans les névralgies, ainsi 
qa Vostéarthrite de la hanche et de la colonne vertébrale; dans le »lum- 
b go chronique» (localisé aux insertions de la musculature des extenseurs 
d\ rachis ou aux articulations sacro-iliaques), on recourt par contre 4 des 
amps moins étendus. Lorsqu’il s’agit d’irradier toute la main (arti- 
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culation du poignet, articulations métacarpo-phalangiennes et ir 
phalangiennes), nous recourons & des champs étendus (15 x 20) et 
radiation n’est faite que du cété dorsal. Les articulations du poig ict, 
du coude, de |’épaule et du genou sont irradiées dans deux champs d_ ‘{¢- 
rents, et les articulations de la hanche, dans trois. Nous avons renor ¢: 
lirradiation dans trois champs des articulations de l’épaule et du ge. ; 
il est en effet difficile d’éviter ici un »recouvrement» des champs d’ 
diation, qui comporte un risque inutile de radiodermite. 

A ce propos, je tiens & signaler que la réaction cutanée, que ‘on 
cherche évidemment & éviter dans la mesure du possible, a, d’une p srt, 
un caractére nettement individuel, ce qui impose l’obligation d’en ob- 
server les moindres manifestations & chaque irradiation et que, d’aitre 
part, elle dépend sans aucun doute et d’une fagon générale de certa nes 
circonstances. On sait que toutes les formes de thermothérapie augnen- 
tent la sensibilité de la peau 4 lirradiation par les rayons Roentgen; aussi 
exigeons-nous une semaine au moins d’interruption de tout traitement 
hyperémiant (air chaud, photothérapie, diathermie, ondes courtes, en- 
veloppements par les onguents, emplatres révulsifs, etc.) avant et aprés 
le traitement radiothérapique. Ce qui est peut-étre moins connu, c'est 
que les spécifiques (méme durant les périodes de latence sans aucun 
symptéme) sont généralement plus sujets que les autres individus & ces 
réactions cutanées plus intenses. I] nous a paru en outre que tous les 
sujets »allergiques» réagissent d’une fagon particuliérement intense; nous 
avons entrepris, dans le but d’élucider cette question, des recherches 
systématiques. 

Lorsque j’en viens enfin & relater ma propre expérience sur résultats 
de la roentgenthérapie dans les affections rhumatismales, je renonce 
d’avance & établir cette expérience sur une forme queleonque de statisti- 
que. Mes tentatives antérieures & cet égard et les statistiques publiées par 
ailleurs dans la littérature m’ont appris le peu de valeur qu ‘il convient 
d’accorder & des résultats ainsi exprimés par des chiffres. L’appréciation 
des résultats atteints devant, comme c’est ici le cas, reposer dans une large 
mesure sur les indications données par le malade et sur la concept'on 
subjective propre de l’observateur, rien de bien solide ne pouvant d’autre 
part étre établi sur les signes objectivement enregistrables, la classifiva- 
tion des résultats en »guérison», »trés amélioré», »amélioration» et »¢ at 
stationnaire» me parait comporter trop de difficulté et trop d’incertit: le 
pour que les chiffres que l’on obtient puissent étre considérés, comme on 
le fait volontiers, comme une expression exacte et adéquate de la réal ¢. 
Quand on a eu l’occasion de recourir journellement pendant une péri: le 
qui s’éléve & 13 années A cette méthode thérapeutique et qu’on a ét 
méme de suivre des milliers de malades, il me parait que l’idée génér ‘e 
que l’on est améné & se faire du traitement acquiert une valeur au mo 1s 
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au si grande qu’un résultat exprimé en pourcentage et basé & la fois sur 

matériel clinique plus restreint et sur une plus courte période d’ob- 

ration. J’ai, dans ces conditions, préféré communiquer ici »en grands 

. ts» ’'expérience que j'ai acquise sur la valeur de la roentgenthérapie 

s les diverses formes des maladies rhumatismales. Je prendrai, & ce 

» pos, la liberté d’ appeler lattention sur certains détails et sur certaines 

lifications qui m’ont été suggérés par mon expérience dans la technique 

“irradiation, et plus particuligrement sur la localisation des champs 

| radiation, facteur qui me parait jouer dans les résultats un réle qui 
loin d’étre négligeable. 

Les résultats incontestablement les plus satisfaisants de la roentgen- 

‘apie me paraissent & l’heure actuelle étre ceux qu’elle donne dans les 
ar‘ rites et périarthrites gonococciques, dans la goutte vraie (urique) a 
so: stade subaigu, dans les arthrites infectieuses aigués du type »septi- 
qu», dans les cas aigus de »bursites» et dans les »tendinites» de toute 
na'ure. D’une facgon générale, les résultats sont en outre excellents dans 
toules les formes et périodes des »tendinites» et des »péritendinites», dans 
les myalgies et névralgies localisées et, en définitive, dans tous les synd- 
romes périarthritiques. Cette derniére considération joue un réle im- 
portant dans le choix de la technique d’irradiation la plus effective dans 
le traitement des diverses formes d’arthrite chronique, ot les résultats 
sont et ne peuvent étre, pour des raisons faciles & comprendre, aussi bons 
que dans les groupes morbides précités. 

J’ai eu l'occasion de soigner une centaine au moins d’arthrites gono- 
cocciques et j’estime que la roentgenthérapie est ici »le traitement électif». 
Aucune méthode physiothérapique, 4 l'exception peut-étre des ondes 
courtes, ne donne de résultats aussi bons, ni surtout aussi rapides, ce qui 
importe justement dans les cas en question. Je recours d’habitude, con- 
curremment, & un traitement hyper-thermique, mais cette derniére mé- 
thode est loin d’avoir 4 elle seule un effet aussi rapide que la roentgen- 
thérapie. Dans au moins 90 °% des cas, on obtient la »restitutio ad inte- 
grum»>, pourvu que le traitement soit institué dune facon suffisamment 
precoce 

Dans la goutte vraie (urique), j applique la roentgenthérapie 4 tous les 
aceés aigus qui n’ont pas, dans un deélai de 10 a 14 jours cédé a la colchicine. 
L’effet du traitement est rapide et, le plus souvent, satisfaisant, bien 
qu il n’ait naturellement aucune influence sur les tendances & la récidive. 

Dans les »bursites» aigues, qui se localisent volontiers & la bourse sous- 
acromiale et & la bourse sous-deltoidienne, mais qu'il n’est point rare de 
constater p. ex. dans les bourses du trochanter, dans les gaines latérales 
et surtout médianes de l’articulation du genou et dans la bourse rétro- 
celcanéenne (insertion du tendon d’Achille), la roentgenthérapie donne 
d »xcellents résultats. Le tableau clinique de ces »bursites» aigués est 
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généralement caractéristique. Il est toutefois, surtout dans les form< 
évolution moins aigués ou nettement chronique, moins nettement d |i- 
mité, méme dans les formes cliniques que j’ai appelées »péritendinites. et 
»tendinites», ainsi que dans certains cas de »périarthrite». Et ces »p :i- 
tendinites» ou »tendinites» d’allure plus chronique s’observent fréque n- 
ment en des points entiérement dépourv us de véritables bourses séreu +s 
tels que l’épicondyle (»coude du joueur de tennis»), »l’éperon antérieur ju 
calcanéum», dans l’affection assez fréquente que j’ai décrite sous le n m 
de »tendinite de l’insertion quadricipitale au bord supérieur de & la rotu »», 
etc. La roentgenthérapie donne dans toutes ces localisations ou for: .es 
de »péritendinites» et de »tendinites» de trés bons résultats, encore qu ils 
soient moins frappants et surtout moins rapides que ceux que l’on obti nt 
dans les »bursites» aigués. Je crois pouvoir maintenir, en ce qui conce ne 
»les bons résultats, exempts ou & peu prés exempts de symptémes) le 
pourcentage de 90 % que j’al indiqué en 1932. 

M’appuyant sur une expérience que j’ai eu fréquemment l’occasion de 
faire, je crois cependant devoir signaler que, dans les cas ot une bursite, 
une tendinite ou une périarthrite ont eu une durée qui a permis l’établisse- 
ment d’une véritable contracture ou d’une fixation de l'article due & une 
atrophie débutante des parties molles péri-articulaires (et non seulement 
de signes douleureux ou d’une fixation »de défense»), on ne saurait natur- 
ellement s’attendre & un effet notable de la seule roentgenthérapie, non 
plus que du traitement thermique ou des ondes courtes. Le traitement sans 
nul doute le plus efficace de ces périarthrites scapulo-humérales fixées 
consiste dans une thérapeutique de mouvements actifs et passifs, c. a. d. 
dans la mobilisation de l’articulation. Les douleurs névralgiques et les 
douleurs spontanées du type brachionévralgique, qui sont presque con- 
stantes, ne cédent qu’aprés une restitution compléte de la mobilité arti- 
culaire. 

Par contre, la roentgenthérapie seule est le plus souvent la méthode 
la meilleure ou tout au moins la plus commode a appliquer et la plus ra- 
pidement efficace dans des affections telles que la névralgie cervico- 
brachiale et la sciatique radiculaire, c. a. d. dans des névralgies qui, par 
leur symptomatologie, différent & certains égards des névralgies brachia|es 
et des sciatiques dues au surmenage musculaire et, affections notablement 
plus fréquentes dans lesquelles le repos constitue le traitement le p!us 
actif. 

A ce propos, je crois devoir signaler que le résultat le plus utile oie 
m’ait donné la roentgenthérapie dans la sciatique classique ne se Ir: p- 
porte en aucune fagon aux cas .aigus, & »l’épisode isolé de sciatique», m. is 
que ce traitement m’a paru un des moyens les plus efficaces d’atténuer ‘a 
tendance habituelle de l’affection & la récidive. Autant que j’en p is 
juger par mon expérience personnelle, ces récidives dépendent trés { °- 
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qv mment de ce qu'il persiste, aprés »l’épisode sciatique» aigu, une »sen- 
sit lité, une »tension» ou une »sensation de faiblesse» de la région lom- 
be re, c’est-a-dire au niveau des insertions des muscles extenseurs. Cet 
»é t dirritation» qui persiste dans ces insertions musculaires est des plus 
re 2lles & toute autre thérapeutique — y compris un repos prolongé — 
m s disparait fréquemment aprés deux séries de roentgenthérapie. 

A mon sens, le résultat que donne la roentgenthérapie dans la spondy- 
lit. déformante dépend également en majeure partie, dans bien des cas, 
de son action sur |’élément irritatif et douloureux que provoque cette 
afi ction dans toutes les insertions profondes et les faisceaux tendineux 
de !a musculature lombaire. Je crois avoir démontré, dans une mono- 
or: dhie détaillée sur la spondylite déformante, que j’ai publiée en 1918, 
me 8 qui n’a paru qu’en suédois, que les douleurs qui accompagnent cette 
aff-ction sont dues, non & une compression des racines nerveuses par les 
hy ertrophies ostéophytaires marginales des corps vertébraux, par les 
rybecs), mais & ’hyperfonctionnement qui est imposé & la musculature et 
qui dépend le plus souvent de lésions dégénératives des lames interverté- 
brales (provoquées par des modifications séniles, par des traumatismes, 
par des processus inflammatoires ou par une déficience congénitale); cet 
hyperfonctionnement est parfois en relation avec un surmenage musculaire 
professionnel (et notamment chez les individus qui sont appelés } & porter 
de lourds fardaeux ou & travailler & demi courbés ou en position ortho- 
statique). Depuis ces vingt derniéres années, j’ai donc été amené & con- 
sidérer les douleurs que provoque la spondylite déformante comme un 
signe d’»insuffissance» de la colonne vertébrale et d’un surmenage de la 
musculature dorsale, tandis que les ostéophytes m’apparaissent comme un 
processus »autoréparateur de lorganisme, comme une tentative de ré- 
tablir la stabilité de la colonne vertébrale, méme aux dépens de sa mo- 
bilité. Il n’est d’ailleurs pas rare de voir des malades atteints de spon- 
dylite déformante qui, aprés avoir été, pendant des années et méme pen- 
dant des dizaines d’années, en proie & de violentes douleurs, finissent par 
éprouver une sédation notable de ces douleurs s "accompagnant toutefois 
d'une augmentation de la raideur rachidienne. 

De méme, je suis convaincu que la majorité des signes douloureux de 
lostéarthrite déformante de la hanche son dus, non point directement aux 
lésions articulaires, mais & un surmenage de la musculature de l’articula- 
tion coxo-fémorale ainsi que de la musculature de la cuisse et du dos, sur- 
menage provoqué par la réduction intervenue dans la mobilité arti- 
culaire. L’effet thérapeutique de la roentgenthérapie dans cette affection 
ne me parait guére explicable que par l’action sédative qu’exercent les 
radiations sur I’état douloureux de toutes les insertions musculaires 
p tiarticulaires et plus particuliérement des insertions des adducteurs. Et 
¢ st pourquoi, si je m’en rapporte 4 ma propre expérience, il importe tout 
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particuliérement de ne point négliger, dans le »malum coxae», la se 
bilité que l’on constate trés fréquemment au niveau des insertions ‘ n- 
dineuses du grand trochanter, la »tendinite trochantérienne». Depuis ve 
j ai commencé a pratiquer également Virradiation sur un champ au nii ax 
du grand trochanter (et fréguemment aussi au niveau des ponts d’inser ov 
des extenseurs), les résultats que j ai obtenus dans Vostéoarthrite de la han ‘e, 
se sont montrés notablement meilleurs quauparavant. Il en va entiéren nt 
de méme de l’ostéoarthrite du genou: l’action de la roentgenthérapie © oit 
étre en majeure partie attribuée 4 son effet sur les »tendinites», qui s nt 
si fréquentes au niveau des insertions et des adducteurs et du quadric: » 
et notamment dans les tendons médians, la »patte d’oie». L’action th: va- 
peutique est fort satisfaisante dans V«arthrites climatérique du genou, ou /es 
symptémes consistent surtout en douleurs de tendinite et de périarthrite. 
Encore que les résultats que m’a donnés le traitement de l’ostéoarth: ite 
de la hanche soient notablement meilleurs qu’en 1932 (50 % d’améliora- 
tions et 50 % d’état stationnaire), ce que j’attribue aux modifications que 
j'ai introduites dans la technique de lirradiation, je suis loin d’atteincdre 
au pourcentage d’améliorations de prés de 90 °% qu’indique v. Panne- 
Witz, et je dois avouer que ces chiffres me laissent un peu sceptique. 
Si je dis en terminant quelques mots des résultats atteints dans le 
groups le plus nombreux et le plus important des arthropathies chroni- 
ques, c. &. d. dans la polyarthrite chronique progressive, c'est que je crois 
devoir faire valoir que l’appréciation des résultats donnés ici par la roent- 
genthérapie est des plus difficiles. Plus que partout ailleurs, les chiffres 
n'ont ici qu’une valeur singuliérement restreinte. Comme il y a lieu de 
s’y attendre, l’action de la thérapeutique est en effet trés variable suivant 
les différentes périodes et les différents types cliniques de l’affection. Il 
est clair qu’on n’a rien & attendre du traitement dans les processus de- 
structifs des cartilages, ni dans les ankyloses ou les contractures »anatomi- 
quement fixées». Il en est de méme dans les exsudats intra-articulaires, 
sauf dans les cas trés aigus »récents». Le traitement est plus efficace dans 
les processus inflammatoires des capsules articulaires, sous réserve qu'il 
n’y ait pas encore d’organisation»; il donne son maximum d’effets 
dans les inflammations péri-articulaires, et par suite il agit d’une facon 
plus particuliérement efficace sur les cedémes et les douleurs siégeant dans 
le tissu conjonctif périatriculaire, dans les gaines tendineuses, ainsi que 
dans les insertions tendineuses ou musculaires. Le traitement donne ‘ci 
des résultats presque aussi satisfaisants que dans les bursites isolées deat 
il a été précédemment question et dans les »péridentinites» d’autre étio'9- 
gie. En résumé, on peut dire de l'action de la roentgenthérapie sur la po:y- 
arthrite chronique progressive qu'elle est d’autant plus efficace que les syn. »- 
tomes »articulaires» sont plus récent, qu ils ont un caractere nettement 
flammatoire et un siege périarticulaire et que les réductions de la mobi’ 
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« iculaire dépendent de douleurs dans les parties molles périarticulaires et 
n n @atrophe cicatricielle, d exsudats ou de destructions cartilagineuses. 
Dans la communication que j’ai faite en 1932 a la Royal Society, j’ai 
porté un tableau indiquant les résultats du traitement suivant les dif- 
entes articulations; il ressort de ce tableau que, conformément & mon 
oérience de cette époque, les résultats les meilleurs étaient ceux que 
n obtenait dans les localisations articulaires des orteils, du pied et de 
oaule, et que les plus mauvais étaient par contre les résultats relatifs 
x articulation des doigts, du poignet et du genou. Je me bornerai & 
uuter que mon expérience actuelle est restée sensiblement la méme; 
itefois }’établirais volontiers, suivant une échelle décroissante, la classi- 
ation suivante des divers articles: articulations de l’épaule, genou, arti- 
\ ations du pied et des orteils, articulation phalangiennes et articulations 
di. poignet, celles-ci étant manifestement les plus résistantes au traite- 
ment. 
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RESUME 


Nous avons incontestablement dans la roentgenthérapie des maladies »rhumatis- 
males») un des agents thérapeutiques les plus puissants dans le domaine de la physio- 
therapie; son action est particuliérement efficace dans les cas aigus d’arthrites gono- 
coceique et septique et dans les bursites aigués; elle donne également — encore qu’d un 
moindre degré — de bons résultats dans toutes les formes de »tendinites», méme dans les 
formes chroniques, secondaires aux affections articulaires, dans certains cas de névralgies 
et dans la rétrocession des symptomes périarticulaires de la polyarthrite chronique. Elle 
garde également une valeur souvent considérable dans les cas plus graves et plus avancés 
de polyarthrite chronique progressive et dans l’ostéoarthrite déformante; dans ces derniers 
cas toutefois, elle est surtout efficace par son action sur les »tendinites» souvent second- 
aires, tant périarticulaires que survenues »secondairement» & distance de l’articulation. 
Dans tous les cas, la roentgenthérapie constitue une méthode de traitement dont, nous 
ne saurions nous passer dans les affections de cette nature et qui, & la condition qu'elle 
soit appliquée sur des indications exactes et suivant une technique appropriée, nous donne 
souvent des résultats satisfaisants qui en légitimant l'emploi dans une mesure trés su- 
périeure & celle de son utilisation actuelle. 


SUMMARY 


The authors clinical material during the years 1925—1937 amounts to about 5,000 
cases of different forms of rheumatic disease. 

The results are undoubtedly best in gonorrhoeal arthritis, in gout, acute infective 
arthritis of »septic» type, in acute cases of bursitis and tendinitis. Further, results are 
favourable in on the whole all forms and stages of tendinitis, in localised myalgia and 
neuralgia and on the whole in all peri-arthritic symptomatic pictures. This is of import- 
ance to know to enable one to select the most efficient method of irradiation in chronic 
forms of polyarthritis and in osteoarthritis deformans. It is not of least importance there- 
fore, in cases of malum coxae, to irradiate not only the joint itself but also the attach- 
ments of the trochanteric and adductor musculature. It is perhaps still more true that 
tie beneficial effect obtained in cases of osteoarthritis of the kneejoint 1s mainly due to 
he effect on the tendinitis and tendovaginitis always present in the surroundings of the 
| neejoint, particularly on the inner side. It is no easy task to analyse the benefit that 


36-- 380088. Acta Radiologica. Vol. XIX. 1938. 
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may be derived from roentgen treatment in chronic polyarthritis (»prheumatoid arthrit »), 
In a summarised way it may be said that the effect is better the more recent he 
joint symptoms, and insofar they are of clearly inflammatory nature or are periartic lar 
and insofar the restricted mobility is due to painfulness of periarticular soft tis: ies 
and not to cicatrisation or exudate or destruction of cartilage. 


ZUSAMMENFASSUNG 


Das gesamte Material des Verfassers aus den Jahren 1925—1937 umfasst etwa 5,00 
Fille verschiedener rheumatischer Krankheiten. 

Die Ergebnisse sind zweifellos am besten bei gonorrhéischer Arthritis, bei Gicht, »ei 
akuter Infektionsarthritis von »septischem» Typus sowie bei akuten Fallen von »Bursi is» 
und »Tendinitis». Weiter sind die Ergenbisse gut iiberhaupt bei allen Formen und Sia- 
dien von »Tendinitis», bei lokalisierten Myalgien und Neuralgieen und im grossen gan/en 
gesehen bei allen peri-arthritischen Symptombildern — was wichtig zu wissen ist, um «ie 
wirksamste Bestrahlungstechnik bei chronischen Formen von Polyarthritis und bei osteo- 
arthritis deformans auszuwihlen. Nicht am unwichtigsten ist es daher, bei Fiillen von 
malum coxae nicht nur die Gelenke, sondern auch die Ansiitze der Trochanter — und Ad- 
duktor — Muskulatur, zu bestrahlen. In vielleicht noch héherem Masse gilt, dass der 
Erfolg bei Osteoarthritis in den Kniegelenken hauptsiichlich auf der Einwirkung auf die 
Tendinitis und Tendovaginitis beruht, die dabei stets in der Umgebung der Kniegelenke, 
besonders auf der medialen Seite, auftreten. Am schwersten ist es, genauer anzugeben, 
welchen Nutzen die Réntgenbehandlung bei chronischer Polyarthritis hat. Zusammen- 
fassend kann hieriiber gesagt werden, dass der Erfolg grésser ist, je mehr die »Gelenk»- 
Symptome »frisch» sind, deutlich inflammatorisch sind, peri-artikular sind, und je mehr die 
verringerte Beweglichkeit auf der Schmerzempfindlichkeit in den periartikuliren Weich- 
teilen und nicht auf »Narbenschrumpfung», Exsudat oder Knorpeldestruktion beruht. 


BIBLIOGRAPHIE 


Dausset, H. et Lucy: Paris Médical, 1930, 1., p. 112. 

—, Revue du Rhumatisme, 1935, p. 637. 

#ARLAND, L. H.: Radiology, 1935, pp. 416—423. 

Haptey, L. A.: Am. Journ. Roentgenology and Roentgen-Therap. 1935, pp. 209—213. 

HaGuenav: Revue du Rhumatisme, 1935, p. 715. 

Kauimeter, G.: British Journ. of Actinotherapy and Physiotherapy, 1930, Vol. V:5; 
and Proceedings of the Fifth Internation. Congr. of Physiotherapy, Liége, 1930. 

—, »Modern physiotherapeutic Measures». Proceedings of the Royal Society of Medi- 
cine, Section of Physical Medicine. 19 février 1932. 

—, »X-Ray Therapy in chronic Arthritis». Reports on chronic rheumatic Diseases. 193”. 
Lewis and C:o, Ltd. Londres. 

— et Axer.unp, A.: Proceedings of the XIV:th Scandin. Congr. of Internal Medicin:, 
Helsingfors, 1929. 

Kraus, F.: Medizinische Klinik, 1927, XXIII, p. 243. 

KrevzwaLp, Tu.: Fortschr. der Roentgenstr., 1926, XX XV, p. 102. 

von Pannewitz: »Die Roentgentherapie des Arthritis deformans». Ergebnisse der m: 
dizinischer Strahlenforschung, 1933, tome VI, p. 61. 

Scott, G.: British Journal of Radiology, June 1935, tome VIII. 

—, Ibid. February 1936, tome IX. ~ 

Sraunic, Ki.: Strahlentherapie, 1925, XX, p. 113. 

—, dans H. Meyer, »Lehrbuch der Strahlentherapies, 3. Berlin-Vienne, 1926. 


4 
i 
¥ 
-- 
4 
q 
’ 
i 
4 
Bt. 


FROM THE ROENTGEN DEPARTMENT OF THE UNIVERSITY CLINIC AT OSLO, NORWAY 
(CHIEF: PROFESSOR TORLEIF DALE, M. D.) 


TOTAL ROENTGEN IRRADIATION OF CHRONIC 
LEUKEMIA ' 
by 
Torleif Dale 


At the Sixth Congress of the Northern Association of Medical Radio- 
logy at Oslo in 1929 I recorded my first attempts with total roentgen 
irradiation in chronic leukemia. It is well known that TescHENDORF 
was the first to make use of this principle of treatment. I commenced 
my treatment with a larger single dose, and a total dose which was con- 
siderably larger, than that used by TeEscHENDORF, due to the fact that 
at that time I was not aware of his publication. At the Roentgen De- 
partment of the University Clinic we have since used total roentgen 
irradiation of chronic leukemia as method of choice, and it would seem 
reasonable, therefore, to try and evaluate the results. It is familiar that 
in recent years a series of publications have appeared with reference to 
total irradiation in leukemia — proving that this method of treatment 
has found a place in a number of countries. It may now be said to exist 
unity of opinion, that the method is far from being dangerous when in 
the hands of trained irradiation therapeutists, and may even be regarded 
as a lenient and at the same time effective method of treatment. There 
is still doubt, however, in many quarters as to the advantage of the 
method, particularly in preference to local, protracted fractional treat- 
ment. 

In order to obtain the best possible evaluation of the results of my 
method of treatment I have studied my material of chronic leukemias 
that have received total irradiation from the autumn of 1928 to the 
autumn of 1936 — a total of 59 cases, 36 of which had myelogenous and 
23 lymphatic leukemia. I have also studied all chronic leukemias at 
the University Clinic, which received local irradiation from 1914 to 1928 


1 Paper read at the Ninth Congress of The Northern Association of Medical Radio- 
ogy at Copenhagen in June 1938; submitted for publication November 25%, 1938. 
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— a total of 52 cases, 33 of which had myelogenous and 19 lympha ic 
leukemia. These two materials have then been compared with referen :¢ 
to duration of life from the first treatment. At the University Cli: ic 
the interest in irradiation treatment of leukemia has always been gre: t, 
and one may be permitted to state, therefore, that the material whi h 
received local irradiation has had equal chances of irradiation as tie 
material which received total irradiation. It is further permitted ‘0 
consider that the individual variations, so abundant in leukemia, mv st 
be stated to have been present in both materials to about the sare 
extent. 

The method used for the total treatment during the first years con- 
sisted in a daily single irradiation from 12 to 18 minutes, at a distance 
of one metre, which corresponds to approximately 30 to 40 r daily. In 
some cases large continuous doses were given without any harmful effect 
being demonstrable. From 1931 the distance is reduced to 80 centi- 
metres, and irradiation has been given over four fields alternately, two 
from front and two from back, with shielding of head and genitals -- 
one field a day. In recent years the single dose has been reduced to 15 r 
per day, as it has been established that equally good results are obtain- 
able with smaller doses. In recent years the roentgen irradiation has 
also been given daily with a blood count every other day. In none of 
the cases which have received total irradiation have there appeared 
signs of agranulocytosis or other blood lesions. 

No comparison has been made previously between the results of local 
and total roentgen irradiation of chronic leukemia. Further, when re- 
viewing the literature on leukemia, it will be realised that the statistics 
available are incomplete and partly erroneous in principle. Most writers 
reporting results of treatment of leukemia refer to the comparison be- 
tween irradiated and non-irradiated cases published by Minot and co- 
workers in 1924. All subsequent authors have tried to bring their per- 
sonal results into line with those of Minot. They have drawn up charts 
in accordance with his sample, having endeavoured to compare their 
own with his results. In the first instance, therefore, we must try to 
find out whether Mrnor’s statistical treatment of his material can star‘| 
a critical examination. This is far from being the case. Minot does not 
use the methods which professional statisticians consider absolutely ne- 
cessary in such a case --- comparison of incidence of death for the variows 
groups of age and duration in the two materials, rationally calculate«. 
Mrnor’s results as to duration of life is of small or no interest. He hi 
calculated with deaths only, in spite of the fact that he states that som 
patients still survive at the close of the observation time. No preci: 
data have been supplied with regard to the length of the observatic 
time. He supplies the information, however, concerning the myelogeno. : 
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ukemias (Journal of American Medical Association of May 1924), that 
-} of the 52 patients who did not receive irradiation, had contracted the 
sease »prior to the date of the introduction of intensive irradiation 
erapy», and that the remaining 16 had only become ill during the last 
‘ n years. This indicates that the period of observation has been much 
ager for the non-irradiated than for the irradiated patients. A sim- 
ir statement, with no figures however, is given with regard to the lym- 
iatic leukemias. It must be maintained, therefore, that these papers 
- hich are constantly quoted, and which are used as basis for the evalua- 
- on of the results of treatment, are of no value as far as the duration 
life is concerned. 

The great difficulties I met with when I was attempting to evaluate 
tie results of my method of treatment — for example when looking for 
s ipport in the publications of Minor — made it natural for me to seek 
collaboration with a professional statistician. Inasmuch as the methods 
o! the statisticians are founded on a scientific basis, and also because 
great financial interests are involved in their method of calculation, it 
may be supposed that the conditions are present for a proper evaluation 
of such a material. Last year, therefore, I handed my material to the 
then director of the Statistical Bureau of the Norwegian Life Insurance 
Companies, LANGE-NIELSEN, with a view to his making accurate calcu- 
lations. 

To a great extent Minot, and many others, have made calculations 
of the duration of life as from the first symptom of the disease. From a 
statistical point of view it is an erroneous principle to introduce into an 
investigation on the duration of life, the time from the first onset of the 
disease, based on the recollection of the patient etc. We agreed, there- 
fore, to calculate the duration of life from the initial roentgen irradiation. 
It must also be stated to be the only rational procedure medically, when 
evaluating a method of treatment, to calculate the time as from the 
moment the therapy commences, especially in a disease of the nature 
of chronic leukemia, in which the fixation of the time the first symptom 
occurred is subject to so many chances. 

The mortality has been calculated according to rational statistical 
methods, calculating with the number of patients exposed to risk of 
death in the various groups of age and duration, making a count of the 
corresponding number of deaths, and from this calculating the mortal- 
ity. In calculating the number of patients exposed to risk a year is 
generally used as time unit. Due to the exceptionally high mortality in 
the leukemia materials, the present calculation has also been carried out 
with a quarter of a year as time unit, and it is the calculation based on 
she latter time unit which I shall refer below. This gives a more accurate 
victure, namely, of the variation in the mortality than when a year is 
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Table 1 
All A and B groups. Men and women 


New treatment Old treatment 


Quarter | Number | Number of | Average rate} Number | Number of | Average Tae 
of | quarters | of mortality 0 
deaths under risk | per quarter deaths ander risk 


quarters | of mortali® - 
per quarte: 


0.212 
-108 
-152 
179 
217 
-167 

0 


0.227 


197 . 0.147 
120 142 0.155 


45 425 | . 0.166 


> 


Ratio between the total rate of mortality for new and old treatment 


0.106 


— 0.639 
0.166 


(time unit — quarter) 


used as time unit. If, for example, 30 persons have to be observed for 
one quarter, and three of these die during the first quarter, the rate of 
mortality is 10 per cent, and the number of persons exposed to risk of 
death in the second quarter will then be 27. 

The results shown by my material, calculated in this manner, have been 
compiled in the accompanying tables. Myelogenous leukemia has been 
included in Group A. and lymphatic in Group B. The designation »old» 
and »new» treatment means local and total irradiation respectively. 
The first table (table 1) shows a calculation in groups of duration with 
quarters as time unit. The rate of mortality in all groups of quarters, 
with one exception, shows a decided surplus in the material having re- 
ceived local irradiation. If all are added together we obtain an average 
rate of mortality per quarter of 0.11 per cent with the new, and 0.17 
per cent with the old treatment. The difference is 0.64. My statistica' 
consultant is of the opinion that there is every reason to calculate with 
this deviation as being systematic (which is fully in accord also wit! 
the criteria established in recent years, that a deviation of more thai 
twice the mean error —- in this case 2.4 — is definitely systematic.’ 
The next table (table 2) shows the same calculation per quarter in th: 
various age groups, showing a distinct difference also here. In char 
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Table 2 
All A and B groups. Men and women. Grouped according to age 


Time unit used in calculation of number under risk — quarter 


New treatment Old treatment 


Number of | Average rate 


Age Number | Number of | Average rate} Number 
of quarters | of mortality of quarters | of mortality | 
deaths | under risk | per quarter deaths | under risk | per quarter 

ee | 5 36 0.14 2 12 0.17 
| 8 55 0.14 11 0.15 
a 4 68 0.06 13 71 0.18 
eee 15 156 0.10 il 63 0.17 
8 90 0.09 14 92 0.15 
5 20 0.25 1 2 0.50 
All ages 45 425 0.11 52 313 0.17 


form (fig. 1) we notice the same condition, with the greatest variation 
in height of the curves in the year groups 40—-49 years and 50—59 years, 
in which age groups are found also the greatest number of quarters 
exposed to risk. 

Taking into account that which has been stated above, I consider 
that my material has been evaluated as objectively and as correctly as 
possible. It appears from this comparison that the general treatment 
gives better results than local irradiation. It would have been desirable 
also if one could have established, in this objective manner, the un- 
doubtedly more beneficial result of the total therapy with regard to 
periods of efficient life for the patients. It is not possible here, how- 
ever, to obtain any accurate comparison. One of the reasons for this 
is, that as far as those cases are concerned which have received local 
irradiation, we have to rely only on the information given in the case 
journals, as these patients have all died. It is my definite impression, 
however, that the total irradiation gives longer and better remissions 
in more cases, than local irradiation. I consider it to be a doubtless fact 
also, that the total irradiation gives less immediate radiation reaction 
than the local, which theory appears also from a number of publications 
from elsewhere during most recent years. 

In addition to confirming the opinion I have held also previously, 
that the total irradiation is a lenient and effective method of treat- 
ment, it has been my object in this paper to advocate a more correct 
ctatistical treatment of the leukemia material. Now that the total roent- 
en irradiation of leukemia is the method of choice in so many countries, 

t should be possible in due time — if the material is dealt with in a 
tatistically correct manner — to arrive at objective results based on 
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Fig. 1. 


Rate of mortality per quarter 


All A and B groups (new treatment) | Age reached 


» » » (old treatment) 


very much larger materials than the one I am able to submit, provided 
that the calculations on which the evaluation is based, are according 
to scientific standard. 


SUMMARY 


The author reports the results of total roentgen irradiation of chronic leukemia, 
which method he has used since 1928. The material compared consists of 52 myelogen- 
ous and lymphatic leukemias treated with local irradiation from 1914 to 1928, and 59 
chronic myelogenous and lymphatic leukemias which have received total roentgen irr:- 
diation in the period 1928 to 1936. The author commenced with daily doses of 30 r. 
Since 1931 daily doses of 15 r are applied. The entire body is irradiated, two fields fro» 
front and two from back. One field is irradiated each day. Blood control every oth:: 
day during the irradiation. No case of agranulocytosis has been observed, or other bloc | 
lesions caused by total roentgen irradiation. 

The comparison has been carried out according to rational statistical methods. T! ° 
rate of mortality shows a decided surplus in all groups in the material which has receiv: 
local irradiation. The average rate of mortality per quarter was 0.17 per cent with loc 
irradiation and 0.11 per cent with total irradiation. The author is of the opinion th: 
the method of calculation reported here should be used hereafter, because it is the on 
rational one, and offers possibilities of objective comparison between different materia 
and different methods of treatment. 
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ZUSAMMENFASSUNG 


Der Verfasser bespricht die Ergebnisse der von ihm seit 1928 angewendeten totalen 
F ntgenbehandlung bei chronischer Leukimie. Zum Vergleich kamen 52 myelogene 
u i lymphatische Leukimien, die von 1914 bis 1928 mit Lokalbestrahlung behandelt 
w rden sind, und 59 chronische myelogene und lymphatische Leukimien, denen in der 
Z 
fs 


t von 1928 bis 1936 eine totale Rontgenbestrahlung zuteil geworden sind. Der Ver- 
» ser begann mit taglichen Dosen von 30 r. Seit 1931 wurden tiigliche Dosen von 15 r 
vy -wendet. Der ganze Kérper wurde bestrahlt, zwei Felder von vorn und zwei von hin- 
te , und jeden Tag kam eines dieser Felder zur Bestrahlung. Alle zwei Tage fand wih- 
re d der Bestrahlung eine Blutkontrolle statt. Es wurde kein Fall einer durch die Total- 
bc trahlung hervorgerufenen Agranulozytose oder einer andern Blutschidigung beob- 
ac itet. 

Der Vergleich wurde ausgefiihrt nach den rationellen statistischen Methoden. In 
al.on Gruppen des lokalbestrahlten Materiale tritt ein deutliches Ubergewicht der Sterbe- 
haafigkeit zutage. Quartalsweise berechnet, betrug die mittlere Sterbehiufigkeit bei 
Lokalbestrahlung 0.17 %, bei Ganzbestrahlung 0.11 %%. Der Verfasser meint, dass die 
hier benutzte Berechnungsart auch kiinftig zur Anwendung kommen sollte, weil sie die 
einzige rationelle ist und die Méglichkeit eines objektiven Vergleichs verschiedener Ma- 
teriale und verschiedener Behandlungsverfahren miteinander bietet. 


RESUME 


L’auteur mentionne les résultats du traitement totale de rayons X dans la leucé- 
mie chronique, traitement qu'il a pratiqué depuis 1928. On a comparé 52 leucémies 
myéloides et lymphatiques traitées de 1914 & 1928 par le traitement local et 59 leucé- 
mies chroniques myéloides et lymphatiques qui ont recu un traitement totale de rayons 
X dans la période 1928 & 1936. L’auteur a commencé avec des doses quotidiennes de 
30 r. Depuis 1931, furent employées des doses quotidiennes de 15 r. Le corps a recu 
dirradiation sur quatre champs, deux devant, deux derriére. On irradie un champ par 
jour. Le contrdle du sang a lieu chaque deux jours pendant le traitement. II n’a été 
observé aucun cas d’agranulocytose ni d’autres dommages dans le sang provoqués par 
le traitement totale de rayons X. 

La comparaison est faite d’aprés les méthodes statistiques rationelles. La fréquence 
de mortalité est manifestement augmentée dans tous les groupes du matériel de traite- 
ment local. La fréquence moyenne de mortalité par trimestre dans le traitement local 
était de 0.17 %, et, dans le traitement totale de 0.11 °%. L’auteur estime que cette facon 
de caleuler qui est utilisée ici doit etre désormais employée, parce qu'elle est la seule ra- 
tionelle et qu'elle donne les possibilités d’une comparaison objective entre les matériels 
différents et les méthodes de traitement différentes. 
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(PROM THE NORWEGIAN RADIUM HOSPITAL, OSLO. CHIEF: ROLF BULL ENGELSTAD, M ).) 


THE TREATMENT OF THE LYMPH NODE METASTASIS 
FROM THE CARCINOMAS OF THE LIPS AND 
OF THE ORAL CAVITY’ 


by 
Rolf Bull Engelstad 


The metastases from the carcinomas of the lips and the oral cavity 
to the lymph nodes of the neck have in the course of time and in the 
different clinics been treated after very varying methods. They have been 
treated surgically, with more or less radical dissection of the glandular 
region, or radiologically, either by external irradiation with roentgen or 
radium or by interstitial irradiation, transcutaneously or after incision, 
or there has been given a combination of surgical and radiological treat- 
ment. To some extent a prophylactic treatment of the glandular regions 
has also been given, most frequently as a roentgen or teleradium irradia- 
tion. But also a prophylactic bloc dissection has to some extent been used 
in the treatment of the oral cancers in some clinics, for instance in the 
Institut du Radium in Paris. 

It is very difficult to get a sure opinion of the value of the prophylactic 
treatment, especially in question of the radiological treatment, which of 
course has been most commonly used. On the other side, the observations 
which have been made in cases of prophylactic bloc dissection, show that 
a prophylactic treatment, in one form or another, may be fully justified. 
At the microscopic examination of removed lymph nodes, which have not 
at all been palpable at the clinical examination, one may find cancer 
metastases. 

I shall not, however, in this place, discuss the prophylactic irradi:- 
tion or the prophylactic bloc dissection, but instead confine myself to tl 
discussion of the treatment in those cases where glandular metastases 
have been found. Even in the valuation of the methods of treatment ii 


* Paper read at the 8th congress of The Northern Association for Medical Radiolog 
Copenhagen June 1938; submitted for publication Sept. 15, 1938. 


3 

tl 

st 

of 

Ww. 

at 
ce 

tk 

t 

% 
| 

| 
A 


LYMPH NODE METASTASES 547 


thse cases one encounters very great difficulties, first and foremost due 
tc the factors of uncertainty in the clinical diagnosis of glandular meta- 
st ses. It is a well known experience that diagnostic errors in these cases 
of en may occur, and as well in negative as in positive direction. Glands 
w. ich at the clinical examination are supposed not to be cancerous may 
at the microscopic examination be found to contain metastases, and can- 
ce -suspicious glands may show only nonspecific changes. In other cases 
th» clinical examination leaves a doubt which can only be solved by a 
co itinued observation or by a histological examination. The possibility 
of liagnostic errors is computed to be very great, it has been mentioned a 
pe centage as great as 50. It is obvious that this circumstance renders it 
hi hly difficult to form the indications for the treatment and involves a 
grat source of error in the valuation of the results of the radiological 
treatment. 

In our material I have tried to reduce the sources of error as much as 
possible. As metastases I have only registrated the cases in which the 
cancer diagnosis was sure or at least very probable. Account has been 
taken of the size and consistence of the glands and of their relations to 
the surrounding tissues. In some cases we have also had, or later got, a 
histological verification of the diagnosis. The material does not only 
contain the patients who had cancer-suspicious glands at the first treat- 
ment, but also those where the glands appeared later and was found at 
one of the following controlexaminations. 

In the Norwegian Radium Hospital we have during the years 1932 to 
1935 treated 135 patients suffering from carcinomas of the oral cavity. 
This material is very inhomogeneous and comprises a number of very 
advanced cases with practically no chance to be cured; the material con- 
tains in fact all the patients who have entered the hospital during the 
years 1932 to 1935. When I present this series it is therefore not my inten- 
tion to demonstrate the results with regard to permanent cure, the princip- 
al purpose being to elucidate the local effect of the treatment of the 
lymph node metastases, in order to get a better basis for the valuation 
of the therapeutic methods. 

Of the 135 patients suffering from carcinomas of the oral cavity 72 had 
a carcinoma of the tongue, in the other 63 cases the tumour was localized 
to the gingiva, the palate or the bucca. After a period of observation of 
2'/,—6 years the total results are: 


Free from symptoms years .... ee eee 44 (32.6 %) 
Fee from symptoms, dead of intercurrent disease within 3 years . . . 6 


In 54 cases no glandular metastases were found during the period of 
c¢ servation at the Radium Hospital. Two of these patients got metastases 
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later on, in their homes, but they were then in so bad condition that tl »y 
eould not be treated. In this group the results are: 


Free from symptoms 21/,—6 years 

Free from symptoms, dead of intercurrent disease within3 years . . . 

Dead of cancer (in 17 of these cases progression or recurrence of the 
primary tumour) 


In 81 cases lymph node metastases were present at the first examii a- 
tion or appeared later. Of these patients 18 were in so bad general con ‘i- 
tion that they could not be treated or they got a quite incomplete tre. t- 
ment (solaminis causa). In those cases where it was possible to carry tie 
treatment through (63 cases) the results are: 

Free from symptoms 2%/,—6 years 11 (17.4 


Free from symptoms, dead of intercurrent disease within 3 years . 
Dead of cancer 


o) 


If we now group the material after the methods of treatment, we find: 


Symptomfree, dead of Dead 


Total ym pton 
Symptomfree intercurr. disease. of cancer 


Roentgen 5 
Radium : : 27 
Radium + radic. surg .... j 12 


Radium + nonradic. surg... . 3 
Radical surgery 2 


It is necessary to give some explanations to the methods of treatment 
mentioned above. The roentgen treatment is given as a protracted and 
fractionated irradiation with total doses large enough to give a pronounc- 
ed, in most cases exudative, epidermitis. The radium treatment is given 
as a teleradium-irradiation with a radium-skindistance of 5—10 em 
and with epidermicidal doses, resulting in an exudative epidermitis. 
Radical surgery means here a total bloc dissection ad modum Rovx- 
BERGER. This operation is done in the following manner: One incision is 
made along the posterior border of the sternocleidomastoid muscle, from 
the mastoid processus to the clavicle, and another incision from the middle 
of the first one up to the chin. The skin, with or without the platysma, 
is loosened in all directions, to the anterior middle line, to the anterior 
border of the trapezoid muscle, to the mandible and the mastoid process's 
and to the clavicle (fig. 1). Between these borders the underlying tissus 
are removed, including the sternocleidomastoid muscle and the intern.'! 
jugular vein. In the depth one goes to the carotic artery and the nerv’ s 
vagus and the deep neck muscles, removing the perimysium of the latte s 
and, at least to some extent, the adventitia of the carotic artery. In t! > 
upper part of the operation field one goes in the depth to the digastr * 


— 


4 
33 (61.1 4) 
3 i 
18 
3 
\ 
4 


LYMPH NODE METASTASES 


naiscle, which in many 
e ses must be removed, 
a’ d to the hypoglossic nerve 
(iz. 2). Also greater or 
si aller parts of the periost 
o the mandible must often 
b taken away. It is very 
o! en found infiltration of 
tl > perimysia, the adven- 
ti iae and the periost, but 
it is a common experience 
tl at the cancer penetration 
through these membranes 
taxes very long time; it is 
therefore of great import- 
arce to get them removed. 
Of the nerves the acces- 
sorius is always sacrificed; 
in some cases the same must 
be done with the phrenicus, 
the vagus or the hypoglossus, which does not involve any danger or 
great discomfort for the patient. The carotic artery must be spared and 
so must the one internal jugular vein, if the dissection is made on both 
sides. 

The »non-radical surgery» in the table includes both local extirpations 
of glands and partial dissections, most often it is an upper bloc dissection 
ad modum Raymonp Bernarp. Local extirpations are only made if 
the patient is in too bad condition for a more radical operation. 

We see from the last table that 3 of the groups are too small to permit 
any conclusions; from the two resting groups we see that the treatment 
with radium and bloc dissection gives better results than radium treat- 
ment only. But on the other side it is also seen, and that is very important 
for the therapeutic indications, that in 5 cases the glandular metastases 
have been cured by radium treatment only. In 4 other cases the metastases 
were completely disappeared at the death of the patient. After this the 
lecal effect has been satisfactory in 9 cases. In 25 cases the local effect 
has not been satisfactory or recurrances have occurred. 

If we then look at the group where we first have given radium treat- 
ment and then made a bloc dissection it is found that only 3 of these 
patients have had recurrences in the glandular region, and at least in 2 of 
these cases the glandular metastases had a such extension and were so 
ciffusely infiltrating that, they could hardly be regarded as operable. At 
‘ae operation living cancer cells were found in 16 cases, in 3 cases there 
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was no demonstrable cancer at the microscopic examination of the re- 
moved glands. 

It is seen from this material that it is possible in a certain number of 
cases to destroy the lymph node metastases with teleradium treatment 
only, but it is also evident that in the greatest number of cases this 
treatment is not sufficient and must be combined with a bloc dissection. 
The results of this combined treatment must be considered as rather good; 
6 patients of 19, that is 31.6 %, are free from symptoms after 3 years. 
Of great importance for the valuation of this method is the observation 
that we have made, not only in the material presented here, but also else, 
that glandular recurrences after radium treatment and bloc dissection are 
very seldom. 

During the years 1932—1935 we have treated 141 patients suffering 
from carcinoma of the lip, 73 without and 68 with cancersuspicious lymp'i 
nodes. In the total material the results are: 


Free from symptoms 2'/,—6 years 


Free from symptoms, dead of intercurrent disease within 3 years . 
Dead of cancer 
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In the group without.glandular metastases the results are: 


F: 20 from: symptoms. 3*/,—6 years... 64 (87.7 %) 
F -e from symptoms, dead of intercurrent disease within 3 years . . . 6 


In the group where cancer-suspicious glands were present 12 patients 
w re in too bad condition to get a complete treatment. If these are ex- 
cl ded the results are in this group: 


F:.e from symptoms, dead of intercurrent disease within 3 years s 


The next table shows this material grouped after the methods of treat- 
mont: 


Symptomfree, dead of Dead of 


Total Symptomfree 


intercurr. disease cancer 
Radium + radic. surg. ...... 4 4 
Radium + nonradic. surg... ... 9 4 5 
Non-radic. surgery. .......-. 2 1 — 1 


The table demonstrates the interesting fact that the glandular me- 
tastases from lip carcinoma often may be treated with success with tele- 
radium only, as nearly 50 % of the patients treated in this manner are 
free from symptoms after 3 years. It must be admitted, however, that 
even if the clinical diagnostic has been as cautious as possible, it is nev- 
ertheless inavoidable that this group also contains patients with enlarged 
lymphs nodes of non-specific nature. This fact may give a somewhat 
false impression of the effectivity of the method in the treatment of can- 
cerous glands, but on the other side it cannot change the conclusions that 
may be drawn from this material as to the choice of therapeutic methods; 
it is obvious that teleradium treatment ought to be primarily used in these 
cases. If the glands, after a period of observation of 6—8 weeks, have not 
disappeared, we do a total bloc dissection of the glandular area of the 
neck. This operation seems to give very good results in these cases. Also 
a less radical surgical procedure, an upper bloc dissection (ad modum 
RayMonpD BERNARD), may be of value, but fails in more than the half of 
our cases. As the difference between the two methods as to mutilation 
and danger is not so very great, we prefer to do the total bloc dissection. 

After my opinion the following conclusions may be drawn from the 
material that I have presented above: 


1. It is possible by teleradium treatment to cure a certain number of 
| mph node metastases from carcinomas of the oral cavity and a rather 
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great number of metastases from lip carcinomas. In other cases the } 
tastases may be reduced and perhaps operable. 

2. Of these reasons and on account of the uncertainty of the clin: al 
diagnosis we are of the opinion that the lymph node metastases alw: +s 
ought to get radiological treatment primarily. In our hospital we use or 
this purpose teleradium treatment. 

3. Ifthe metastases have not disappeared 6—8 weeks after the tc e- 
radium treatment, or if the patient later gets a recurrence or new me a- 
stases in the irradiated glandular region, we do a total bloc dissection. !n 
the treatment of the oral carcinomas this operation is often unavoida. Je 
and must not be unnecessarily postponed. In the cases of lip carcino).a 
one much oftener obtains a good result with teleradium treatment on y. 

4. The local effect of this combined treatment is good; recurrences 
or new metastases are very rare. When nevertheless so many of these 
patients are dead of cancer it has several causes. A rather great number 
of the lymph node metastases were inoperable and not a few of them 
even otherwise intreatable. In other cases the primary tumour was too 
advanced to be cured and in still other cases it must be supposed that the 
tumour already had metastasized to more distant organs than the lymph 
nodes of the neck. 

5. About the prophylactic treatment it is more difficult to have a 
sure opinion. In lip carcinomas a prophylactic treatment of the glandular 
regions may perhaps be omitted, especially if it is possible to have the 
patient under carefull observation. In oral carcinomas, on the other hand, 
it would probably be of value to make a more extended use of prophylactic 
irradiation. We have ordinarily only irradiated the regions which are 
taken together with the primary tumour, and that means practically only 
the submandibular regions, but there seems to be good reasons for irradi- 
ating also the rest of the glandular regions. About the value or necessity 
of a prophylactic bloc dissection, total or partial, it is still more difficult 
to have a sure opinion. In lip carcinomas it does not seem to be indispens- 
able. In oral carcinomas it may be more justified, but eventually a total 
bloc dissection must be done and this is so great an operation that it must 
give very great adventages if it shall be used as a routine method, and ‘n 
that respect we are still in want of sufficiently convincing experiences. 


SUMMARY 


The author presents the material of oral and lip carcinomas treated at The Norwegi..0 
Radium Hospital. After 2'/,—6 years the results are: Oral carcinoma (135 patient): 
of the total material 32.6 °% free from symptoms, of the patients without metastases 61.1, 
and of the patients with lymph node metastases 17.4 %. The corresponding figures ‘ r 
the lip carcinomas (141 patients) are: 65.2 %, 87.7 % and 48.2 %. The treatment of t e 
lymph node metastases have been varying, but the best results have been obtained wi 1 
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eradium treatment, if necessary combined with a total bloc dissection. After this treat- 
, nt local recurrences are very rare. It is advised to make a more extended use of pro- 
ylactic irradiation of the glandular regions in the treatment of the oral carcinomas. 


ZUSAMMENFASSUNG 


Verf. legt das Material von Mund- und Lippenkarzinomen vor, die am Norwegischen 
dium-Hospitai behandelt wurden. Nach 2'/,—6 Jahren waren die Resultate folgen- 
‘massen: Mundkarzinom (135 Patienten): vom Gesamtmaterial waren 32.6 °% symptom- 

f: i, von den Patienten ohne Metastasen 61.1 °% und von den Patienten mit Lymphkno- 
imetastasen 17.4 %. Die entsprechenden Zahlen fiir Lippenkarzinom (141 Patienten) 
iten: 65.2 %, 87.7 % und 48.2 %. Die Behandlung der Lymphknotenmetastasen war 
‘schieden, die besten Resultate wurden mit Teleradiumbehandlung erreicht, die, wenn 

* nétig war, mit einer Totalexstirpation »en bloc» kombiniert wurde. Nach dieser Be- 

hendlung sind lokale Rezidiven sehr selten. Es wire ratsam, dass bei Behandlung von 

Mandkarzinom grésserer Gebrauch von prophylaktischer Behandlung der Driisenregionen 

gemacht wiirde. 


RESUME 


L’auteur expose les cas de carcinomes de la bouche et des lévres traités & Hopital 
de Radium de Norvége. Au bout de 2 ans 1/, 4 6 ans, les résultats se présentent comme 
suit. Carcinomes buccaux (135 sujets) exempts de symptomes: sur la totalité des cas, 
32.6%; sur les sujets sans métastases, 61.1 %; sur les sujets avec métastases aux 
ganglions du con, 17.4%. Les chiffres correspondants pour les carcinomes des lévres 
(141 sujets sont: 65.2%, 87.7 % et 48.2%. Le traitement des métastases aux ganglions 
du con a varié, mais les meilleurs résultats ont été obtenus avec le traitement au 


téléradium, combiné, si nécessaire, avec une extirpation en bloc selon Roux-BERGER. 
Les récidives locales sont trés rares aprés un tel traitement. I] est conseillé, pour le 
traitement des carcinomes buccaux, d’utiliser plus largement les irradiations prophy- 
lactiques sur les régions glandulaires. 


37— 380088. Acta Radiologica. Vol. XIX. 1938. 
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FROM THE ROENTGEN INSTITUTE OF THE ROYAL SERAPHIMER HOSPITAL, STOCKH y, 
(CHIEF: PROF. G. FORSSELL) 


ON INSUFFICIENCY FRACTURES OF FEMUR 
AND TIBIA! 
by 


J. Hansson 


The injury to the metatarsal bones which goes under the name of 
»march»-fracture is a condition well-known both to clinics and roentgeno- 
logical institutes. In Sweden, it has been described by, inter alia, Rov- 
STROM. 

As regards tibia, a similar form of fracture has been described by 
ALEMAN (Sweden) as early as 1929 and, later on, by Genz (Germany) 
and OLLonevist (Finland). ALEMAN states that, in the Swedish army, 
there are reported, yearly, about one hundred cases of so-called periostitis 
tibiae ab exercitio. He objects to this name and designates the affection, 
Insufficiency fracture. He states that he has never observed a fracture- 
line but merely the callus formation. In all the above material, the 
patients were recruits who had suffered the injury at the beginning of their 
service, when they were unused to the hardships of military service. 
Below, I shall give an account of a typical case which had been investiga- 
ted at the Roentgen Department of the Seraph'mer Hospital, Stockholm. 


Case 1. An iron-worker, 20 years old. 

Previously, always well. On May 14, 1938, the patient began his military service. 
After serving for a month, he noticed an increasing aching and unpleasant feeling in t!e 
right lower leg during movements, most on concussions, e. g., when he jumped. Never any 
spontaneous achings during the night. Tumour being suspected, the patient was sent ‘0 
the Radium Home for treatment. On examination, there was found, on palpation, on t!« 
median edge of the right tibia, about the middle of the bone, a certain tenderness. } 
swelling, nor tumour of any soft part. Roentgen investigation, */,, 1938, showed medial! ’, 
posteriorly, on the right tibia, somewhat above the middle of the bone, periostal depo: 
and there was observed, indistinctly a fracture running through the superficial part | { 
corticalis. Roentgenologically, the alteration was interpreted as being an insufficien: ” 
fracture. Temperature and 8. R. were both normal. W. R. in the blood, neg. Fig. 1 and . 


1 Submitted for publication Oct. 27, 1938. 
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ON INSUFFICIENCY FRACTURES OF FEMUR AND TIBIA 


Fig. 1. 


From what I have been able to find in the literature, this form of 
fracture on femur has not been observed, so that one is justified in 
giving an account of two cases which we have had the opportunity of 
observing at the Seraphimer Hospital during the last few years. 


Case 2. Woman, 40 years old, butleress. 

The patient came, ™/,,, 1934, to the surgical policlinic for treatment of aching pain 
om the anterior side of the right thigh. She had had this distress since 1928 and the pains 
iad grewn worse after bodily exertion. No trauma ever known of. On the clinical examin- 
stion there was palpated on the anterior, lateral, part of the right tigh, deep down, a 
lightly tender resistance, above which the patient had a feeling of straining. The roentgen 
investigation, !/,,, 1934, discovered, on a scarcely decimetre-long area on the median side 
of the right femur, a spindle-shaped sclerosis and thickening of corticalis, both exteriorly 
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Fig. 4. Fig. 5. 


and inwards towards the bonemarrow. cavity (which, at the narrowest place, was com- 
pressed to one-half of its normal width). A narrow, irregular fracture-line running throug’ 
the sclerosized area. Fig. 3. The patient was advised to keep quiet and to rest, and in 
proved on doing so. Both temperature and 8. R. were normal during the entire duration 
of the course of the affection. W. R. in blood, neg. Nutrition-condition normal. > 
other pathological alterations of the skeleton. Roentgen-control was carried out a coup!’ 
of times during 1935, but the fracture-line could still be observed, although somewhe 
more indistinctly than before. Roentgen-control, */,,, 1936, however discovered nothin 
but the spindle-shaped swelling of corticalis, without any fracture-line. Fig. 4. 


On control examination in February, 1937, the patient was quite free from sympton 
Roentgen still showed swelling of corticalis. 
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Case 3. Man, 20 years old, shopman. 
In May, 1936, the patient began to feel pricking pains in the left calf. These pains 
dually went over to the left knee and finally localized themselves in the middle of the 
t thigh. He was sent to the Radium Home from a provincial hospital, malign tumour 
b ing suspected. He had not fever; 8. R. 13 mm. W. R. in blood, neg. On examination 
t ere was discovered inconsiderable atrophy of the left thigh; no resistance palpable. 
} »entgen investigation, /,,, 1936, discovered in the upper part of the left thigh a 
s, indle-shaped thickening of corticalis on the median side, extending downwards from 
t »chanter minor, about 1'/, decimetre. No structural alteration could be found 
a ywhere else in femur or in any other part of the skeleton; normal nutrition condition. 
I this case, no fracture line was visible. Fig. 5. The alteration was considered to be 
a healing-condition after an infraction. 


All insufficiency fractures, whether localized to the metatarsal bones, 
t) tibia or femur, are characterized clinically by pains localized to the 
pace where the fracture is situated. The pains become more severe after 
walking or after bodily exertion, and disappear when the patient goes to 
bed. There exists no connection between the rise of the pains and a def- 
inite trauma. On roentgen investigation we discover a spindle-shaped 
thickening of corticalis, both periostally and endosteally, and within 
and through this thickening there is visible, now and then, a fracture-line, 
some mm. broad. Cases 1 and 2 of our patients exhibited such a fracture- 
line. The skeletal system, in other respects, is without pathological altera- 
tions and the patients have a normal nutrition condition. 

In pathologically altered bone, such as in rachitis, osteogenesis im- 
perfecta, or in hunger-osteopathy, such loading-fractures are often 
described. Specially known from a large number of publications are the 
socalled pseudo-fractures in hungerosteopathy. This form of disease 
appeared specially in Germany during and immediately after the Great 
War and it is, too, German authors especially who have devoted great 
attention to problems connected with it. 

In rachitis and osteomalacia Looser discovered fracture-like lines 
in the bone, to which he devoted detailed study. He found now and then 
in bone altered pathologically in this way a transverse or oblique fissure- 
formation, around which callus was being formed. Ordinary clinical 
‘racture features were wanting. Similar conditions in hunger-osteopathy 
ire described by him and a number of other German authors, such as 
fROMME, SEELIGER and HogrnIGMANN. Common to all these cases is, 
‘hat they could not be explained as arising from a definite trauma. It 
was assumed that the fracture-formation arose in consequence of a 
resorption process arising from insufficient nutrition. As a result of the 
lefective nutrition, the normal balance between apposition and resorp- 
tion in the bone would, it was considered, be disturbed; resorption would 
get the upper hand and, in this way, give rise to the formation of these 
fracture-like conditions. WALTER MULLER and Kocn, on the contrary, 


© 
2 
* 
big 
kk 
4 


Cc. J. HANSSON 


stated that such insiduous callus formations arose in consequence 
long-lasting mechanical and statical irritation, and they showed, expe - 
mentally, that long-lasting physical exertion and loadings gave rise ° 
similar callus formations in bone, too, which was not pathological: » 
altered. 

Even in our cases, where the bone was not pathologically altered, \ » 
must assume that the cause of such pathological pictures was ove - 
exertion and overloading of the leg. 

Consequently, there does not exist any principal difference betwee \ 
the method of origin of such fractures in the tibia and femur, and t} > 
rise of a »march»-fracture in the metatarsal bones. 

On over-loading, there arises, on the most exposed part, a lesion of th» 
bone trabeculae which may be more or less pronounced. For instance, 
there arises in the one instance a visible fracture-line in the bone (Cas» 
1 and 2) and, in the other, the injury to the bone trabeculae is so slight 
that it is not apparent to our ordinary means of observation (Case 3). 
In all the cases there arises a callus formation which is very clearly observ- 
able to roentgen. 

I have wished to draw attention to this form of fracture because, as 
ALEMAN pointed out, the term, periostitis ab exercitio, is misleading, and 
also because this form of fracture can easily be misinterpreted as being 
tumour of the bone. This latter objection is illustrated by the fact that 
two of the cases were referred to the Radium Home for treatment, under 
the diagnosis: malign tumour of bone. 


f 


SUMMARY 


The author describes a case of insufficiency fracture in tibia and two similar cases 
in femur. He considers that there is no principal difference between this type of fracture 
and the so-called »march»-fracture in the metatarsal bones. 


ZUSAMMENFASSUNG 


Verf. beschriebt einen Fall von Insuffizienzfraktur der Tibia und zwei ihnliche 
Fille von solchen Frakturen im Femur. Seiner Ansicht nach besteht kein prinzipielle: 


Unterschied zwischen diesem Frakturtyp und der sogen. »Marsch»-Fraktur in der 
Metatarsalknochen. 


RESUME 


L’auteur décrit un cas de fracture d’insuffisance du tibia ainsi que deux cas similaire: 
au fémur. II estime qu’il n’existe aucune différence de principe entre ce type de fractures 
et celle, appelée »fracture de marche», des os métatarsiens. 
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AUS DER RONTGENABTEILUNG DES MARIAKRANKENHAUSES, STOCKHOLM. 
CHEF: MED. DR. A. AKERLUND 


WEITERE ZWEI FALLE MIT RONTGENDIAGNOSTI- 
ZIERTEN PERFORATIONEN VON 
KOLONDIVERTIKELN 


Bo Stenstrom 


In den Acta Radiologica Vol. XVIII (1937) hatte ich Gelegenheit, 
iiber einen Fall von einer bei Réntgenuntersuchung nachgewiesenen 
Perforation eines Kolondivertikels zu berichten. Da ich nun Roéntgen- 
bilder von zwei weiteren solchen Fallen zu sehen bekommen habe, michte 
ich in Kiirze einige Worte iiber sie sagen. 

Was die Theorien iiber die Entstehungsweise der Kolondivertikel, 
ihre Lokalisation, ihre Symptomatologie und ihren Nachweis mittels 
Réntgenuntersuchung betrifft, sei auf den obenerwihnten Artikel ver- 
wiesen. Wie ich dort hervorgehoben habe, sind in der Literatur allerdings 
zahlreiche Fille von Divertikelperforationen beschrieben, diese Perfora- 
tionen sind aber nicht durch Réntgenuntersuchung nachgewiesen worden, 
sondern die Patienten wiesen klinische Symptome einer Peritonitis aul, 
und erst bei der Operation zeigte sich, dass die Quelle dieser diffusen oder. 
was hiufiger ist, zirkumskripten Peritonitis ein perforierter Divertike! 
war. Da die Divertikel oft ins Mesosigmoideum eindringen, bildet sic! 
bei Perforation eines solchen Divertikels ein Abszess im Mesosigmoideum. 
In dem ersten der unten beschriebenen Fille konnte man wahrend der 
Durchleuchtung die ausserhalb des Darmes gelegene Kontrastmass: 
mittels manueller Palpation etwas verschieben, was mir dafiir zu spreche: 
scheint, dass sie im Mesosigmoideum gelegen war. Auch bei Besprechun; 
meines friiheren Falles wurde betont, dass offenbar die Méglichkeit eine 
spontanen Heilung der infolge der Perforation aufgetretenen Abszess: 
besteht, sobald diese sich in den Darm entleert haben. Fiir diese Méglich 
keit scheinen mir die beiden Fille, iiber die ich im nachstehenden berich 
ten werde, einen weiteren Beweis zu geben, und dies, trotzdem die in die- 


' Bei der Red. am 21. X. 1938 eingegangen. 
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en neuen Fallen nachge- 
viesenen Abszesshéhlen be- 
eutend grésser sind als in 
einem friiheren Fall. 
Vielleicht liegen die Ver- 
altnisse so, dass gerade die- 
nigen Divertikelperfora- 
onen, die ins Mesosigmoi- 
vorsichgehen, diese 
instige Prognose haben. 


Der erste Fall wurde am 
‘iariakrankenhause untersucht. 
iis handelte sich um einen 53- 


jihrigen Makler, der mit Bauch- 
schmerzen von unklarer Atiologie 
sur Aufnahme kam. Vor 10 
vahren hatte er kiirzere Zeit 
Schmerzen im Bauch gehabt. Die 
Arzte, die den Patienten damals 
untersuchten, konnten keine 
sichere Erklarung fiir diese Fig. 1. 
Schmerzen geben, die ohne be- 
sondere Massnahme binnen eini- 

gen Tagen verschwanden. Danach 

war der Patient gesund, bis er einen Monat vor der Aufnahme kneifende Bauchschmerzen 
und Diarrhée bekam, die aber nach kurzer Zeit verschwanden. Am Tage vor der 
Aufnahme, am 12. VII. 1938, begannen allmahlich zunehmende Schmerzen im Kreuz, 
die nach vorn gegen den unteren Teil des Bauches ausstrahlten. Kein Erbrechen. 
{m 13. VII. morgens hatte der Patient eine Temperatursteigerung bis 38°.7, Puls 
100 per Minute. 

Im Aufnahmestatus ist erwihnt, dass der Bauch ziemlich fett und vollstindig weich 
war, dass aber links vom Beckeneingang eine leichte Empfindlichkeit vorlag. Keine 
palpable pathologische Resistenz. Per rectum nichts Bemerkenswertes. 8. R. 42 mm/1 
Std. Weisse Blutkérperchen 12,800, und zwar 2,800 Mono-, und 10,000 Polynukleire. 
{m Harnsediment eine geringe Zahl weisser Blutkérperchen in jedem Gesichtsfeld. 

Der Patient wurde dann unter der Diagnose Urolithiasis?: zur Réntgenuntersuchung 
zeschickt. Bauchiibersichtsbilder und intravenése Urographie waren indes negativ. Am 
folgenden Tage war die Zahl der weissen Blutkérperchen auf 10,000 gesunken. 

Pat. wurde nun unter der Diagnose Divertikulitis? zwecks Kolonuntersuchung der 
Réntgenabteilung iiberwiesen. 

Bei Untersuchung des Dickdarms mit Kontrastlavement wurden im Sigmoideum und 
im unteren Teil des Colon descendens ein Reizungszustand und unregelmiissige Haustrie- 
rung sowie mehrere Divertikel festgestellt. Schon zu Anfang der Untersuchung, noch 
bevor das Lavement durch die Flexura lienalis getreten war, sah man an einer Stelle in 
einen medial vom Sigmoideum gelegenen Hohlraum etwas Kontrastmasse herausdringen, 
und zu Ende der Untersuchung war hier eine zweidaumenspitzengrosse Héhle ausgefiillt 
(siehe Abb. 1). Der Patient markierte keine deutliche Druckempfindlichkeit iiber dieser. 
Die ausserhalb des Darnlumens gelegene Kontrastansammlung konnte etwas verschoben 


Die Abszesshéhle ausfiillender Kontrast 
(Fall 1). 
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werden. Auf dem Bilde, das au 
genommen wurde, nachdem d 
Patient das Lavement entlee 
hatte, zeigte sich, dass ein gross: - 
Teil des den Hohlraum ausfiille: 
den Kontrastes in den Dar. 
iibergetreten war (siehe Abb. 2 
Die Temperatur sank scho 
nach ungefihr einem Tage ai 
ein subfebriles Niveau. Am 1:. 
Tage markierte der Patient wi: 
der etwas stirkere Empfindlic! 
keit unten links im Bauch, und 
die Temperatur stieg fiir eine: 
Tag wieder auf 38°.7. Der Patien 
hatte jedoch keine Schmerzen. 
Am Tage darauf sank die Tem 
peratur wieder, und die Emp 
findlichkeit verschwand. Am 
2. VILL, also nach 16 Tagen, 
wurde der Patient vollstindiy 
beschwerdenfrei und afebril ent- 
lassen. 


Den zweiten Fall ver- 
danke ich dem freundlichen 
Entgegenkommen von DDR. 
Fig. 2. Nachdem das Lavement zum gréssten Teil med. Rosine BULL, J. Fri 
ausgelassen war, hat auch die Abszesshéhle ihren MANN-Dan_ und K. Pouts- 
Inhalt zum grossen Teil entleert (Fall 1). son in Oslo. Fir diese 
Freundlichkeit erlaube ich 


mir, hier den genannten Herren meinen aufrichtigen Dank auszu 
driicken. 


In diesem Falle handelte es sich um eine 60jahrige Frau, die frither gesund gewesen 
war. Vierzehn Tage vor der Aufnahme in das Kommunalkrankenhaus in Oslo hatte sic 
2 Tage lang ohne lokale Symptome Fieber bis 39° gehabt. Eine Woche danach erkrankte 
die Pat. mit diffusen Bauchschmerzen, die jedoch nicht gar heftig waren, so dass sie weiter 
ausser Bett bleiben und ihre Arbeit verrichten konnte. Nach ein paar Tagen nahmen dic 
Schmerzen jedoch zu und lokalisierten sich nun in der linken Seite des Bauches. Di 
Darmentleerung, die friiher immer unregelmiissig gewesen war, wurde jetzt triage. Dre’ 
Tage lang war sie ohne Stuhl gewesen, weshalb sie einen Léffel Rizinusél nahm, das gut: 
Wirkung hatte. Die Schmerzen blieben jedoch unverindert bestehen. Sie musste nun zu 
Bett gehen und hatte leichte Ubelkeiten, aber kein Erbrechen. 

Bei der Aufnahme ins Krankenhaus klagte sie iiber schwere Schmerzen im ganzen 
Bauch. Temperatur 38.5°. Pulsfrequenz 120. Der Bauch war sehr fett (Kérpergewicht 
120 kg). In der linken Fossa iliaca leichte Dimpfung, sonst tympanitischer Perkussions. 
schall. Starke diffuse Empfindlichkeit, besonders ausgesprochen in der linken Fossa 
iliaca, wo man in der Tiefe ein kindskopfgrosses Infiltrat palpierte. 
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Bei Réntgenuntersuchung 
3 Dickdarmes mit Kontrast- 
vement wurde (Abb. 3) ebenso 
2 beim vorigen Falle in der 
“xura sigmoidea und im Co- 
, descendens ein Reizungs- 
stand nebst einer reichlichen 
hl von verschieden grossen 
vertikeln gefunden. Von der 
dialseite des Sigmoideums 
ht man einen Fistelgang von 
Divertikel in der Rich- 
ig ins Mesosigmoideum ver- 
ifen, wo der Kontrast einen 
ssen, unregelmiissigen, ver- 
eigten Hohlraum ausfiillt. 
Es wurde kein operativer 
Engriff vorgenommen. Im 
Loufe von ca. 14 Tagen fiel 
die Temperatur lytisch auf das 
Normale. Spiiter zeigte ihre 
Temperaturkurve ein paar Mal 
einige kleine Fiebergipfel. Ei- 
nige Tage lang Diarrhée. Bei 
der Entlassung nach 6 Wochen 
war sie symptomfrei, und es i 
fand sich kein palpables In- Fig. 3. Grosse kontrastgefiillte Abszesshéhle und 
filtrat mehr. Fistelgang (Fall 2). 


Wie sowohl aus den Krankengeschichten als auch aus den Réntgen- 
bildern hervorgeht, sind diese beiden Fille einander sehr ahnlich. Es ist 
nicht unméglich, dass das Leiden, das der erste Patient vor 10 Jahren 
gehabt hatte, von derselben Art war wie sein gegenwiirtiges. Auch der 
zweite Fall hatte offenbar einen fritheren Anfall gehabt, aber nur ungefahr 
eine Woche vorher. Die Beschwerden treten sicherlich einerseits bei der 
Perforation selbst auf, anderseits dann, wenn die Abszesshéhlen sich 
schlechter entleeren als gewohnlich. Die letztgenannte Ursache diirfte 
der Anlass zu den leichten Fieberazerbationen sein, welche die beiden 
alle im Laufe ihrer Genesung von ihren schwereren oben geschilderten 
Anfiillen aufwiesen. Solche Fille kénnen offenbar ohne operativen Ein- 
eriff zur Heilung kommen, auch wenn die Symptome recht alarmierend 
erscheinen, was der Fall aus Oslo wohl am deutlichsten beleuchtet. Dies 
st von besonderer Bedeutung, wei! diese Patienten wie iibrigens die 
aeisten Divertikelpatienten an einer mehr oder weniger bedeutenden 
‘ettsucht leiden, was sie zu besonders schlechten Operationsobjekten 
nacht. Wie oben hervorgehoben wurde, beruht die giinstige Prognose 
‘ielleicht darauf, dass die Perforation rel. oft ins Mesosigmoideum erfolgt. 
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Anderseits ist es wahrscheinlich, dass, wenn eine Operation nicht vorg - 
nommen wird, die Prognose weniger giinstig ist. 


ZUSAMMENFASSUNG 


Verf, der friiher in den Acta radiologica, Vol. X VIII, einen Fall mit Perforation eix s 
Kolondivertikels beschrieben hat, die bei der Réntgenuntersuchung nachgewiesen wurc », 
berichtet iiber zwei weitere derartige Fille. Bei beiden wurden ziemlich bedeuten ‘e 
Abszesshéhlen wahrscheinlich im Mesosigmoideum ausgefiillt. Beide Fille kamen oh e 
Operation zur Genesung, trotzdem die Symptome bei der Aufnahme ziemlich bedrohli ) 
erschienen waren. Beim einen Falle verschwand eine kindskopfgrosse Resistenz. Wal -- 
scheinlich liegen die Verhiiltnisse so, dass die Prognose bei Divertikelperforation i \s 
Mesosigmoideum relativ gut ist, auch ohne Operation. 


SUMMARY 


The author, who earlier described in the Acta Radiologica Vol. XVIII a case of perfo- 
ration of a colonic diverticulum demonstrated by roentgen, describes two more similar 
cases, Quite large abscess cavities, probably in the mesosigmoid, were outlined in both 
cases. In spite of the fact that at the time of admission the symptoms were alarming, 
both patients recovered without operation. In one of the patients there was a resistance 
as large as a child’s head which disappeared. Probably the conditions are such, that if a 
diverticulum perforation occurs in the mesosigmoid, the prognosis is quite good even 
without operation. 


RESUME 


L’auteur, qui avait antérieurement décrit dans les Acta Radiologica, vol. XVIII, 
un cas de perforation d’un diverticule du clon démontré par l’examen roentgen, décrit 
deux nouveaux cas similaires. Dans ces deux cas, d’assez importantes cavités d’abets, 
probablement situées dans le mésosigmoide, furent comblées. Les deux malades guérirent 
sans opération, bien que les symptoOmes aient été assez alarmants lors de |’admission. 
Chez l'un, une résistance de la grosseur d’une téte d’enfant disparut. I] est vraisemblable 
que les conditions sont telles, que, si une perforation d’un diverticule se produit dans |e 
mésosigmoide, les pronostics sont assez favorables, méme sans opération. 


LITERATUR 
Bo Srenstrém, Acta Radiolog. Vol. XVIII (1937), S. 243—248. 
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TREATMENT WITH HERTZIAN WAVES' 
by 
W. A. G. van Everdingen 


Dissertation upon the possibility of application on biological problems 
of the dipole theory of Debije 


DEBE tried to give an explanation of the phenomena appearing in 
liquids placed in an alternating electric field. He proved that the charac- 
teristic absorption of energy in this case is caused by the fact, that mole- 
cules have a constant electrical moment. The formulae drawn up by 
DEBIJE must be considered as to stand only for a mono-moleculary matter 
in indefinite dilution. The absorption in general appears to depend on the 


intensity of the applied field and the frequency. 

Before going further into this theory it is necessary first to consider, 
which desiderata a research-worker on the subject of treatment of living 
tissue with Hertzian waves of ultra high frequency would wish to realise. 

If it is not possible to realise them, it has no meaning to occupy us 
with the theory, because this must stay sterile, at least on this domain. 

Those desiderata are: 


1. an accurate knowledge about the character of the generated high 
frequency-energy, viz. wavelength and fieldstrength; 

2. a reliable standard for the energy absorbed by the test object; 

3. the distribution and the effect of the energy in the test object. 


To begin with the last wish. In spite of the several theories developed 
on this matter, our knowledge is only fragmentary and it will take years 
before we have enough objective observations which can serve as the 
undament for a theory that has a reasonable chance to be more or less 
valid for a series of years. 

With regard to the wavelength we may say that the measurement is 
ufficiently accurate, also at high frequencies. This is not so with the 


1 Submitted for publication Nov. 9, 1938. 
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fieldstrength. We have at our disposal some methods to measure it, b 
with the rise of the frequency we meet some insuperable difficulties. 

We have found a reliable-standard for the energy absorbed by the ti st 
object, by the thermo-electro measurements. At ultra high frequenc » 
however they need a special methodology due to the fact, that the th » 
mo-couple may be the cause of great disturbances in the field and m y 
make the measurements useless. ; 

As two of our desiderata can be realised fairly satisfactorily we || 
go on to a further consideration of the significance of DEBIJE’s theory i »r 
our problem. 

We start from the following suppositions: 

The fieldtension at a certain frequency be E. Next suppose we measue 
the losses thermo-electrically, viz. the energy absorbed in the dielectricu:a, 
the living matter; this will amount to V per minute, expressed for example 
as the deflection in mms of a galvanometer. If we make the measurements 
at one frequency only we see, that there is a certain relation between V 


V/min 


and E; for example that —— will be constant. 


When we do so at different frequencies, we may find either —- is inde- 


pendent of the frequency r, or =: is dependent of v. If this dependency is 


quadratic, the matter will qualitatively answer the dipole theory of Desie. 
For his theory the following expression holds: 


In which X =: ond ¢ 


n?+2 xT 
In this expression tg 6 stands for the tangent of the loss angle 
e = dielectric constant, 
n = index of refraction, 
® == 2atimes the number of periods per second, 
t = time of relaxation, 


= viscosity, 

= radius of the molecule, 
= constant of Boltzman, 

= the absolute temperature. 


Os 


Now —~ KCo tg6, as V is expressed in relative units, in which 


is the capacity of the substance being measured, » = 2zf and 64 th 
loss angle. 
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(e—n?)X 
e+n?X? 
rident, that this contains the terms 27f = and rt, the latter being 
pendent of » and 

Now we can discern three different cases: wr <1,@t>1 andatrx 1 
ransitional sphere). 


, it becomes 


When we look once again at the formula tg 6 = 


1 


When e. g. the frequency is much smaller than — 
the time of relaxation 
‘xen wt <1. In the reverse case wt > 1 is. 
Let us first consider the case that wr <1 then n?X*<e and there- 
negligible with regard to «. 
The formula for tg 6 will be A,wr in which A, = i we 


2 . . 

(1 + that is: a rising function of e. 
n?+2 

So we have found for tg 6 = A,r. 


Now a = KCo tg6 = KCowA,or = KCA,o?t = A, @*, in which 
A, = KCAgr. 
From which it appears, that matter for which af is dependent of the 


square of frequency, anyway (qualitatively) fulfils the dipole theory of 
DEBLJE. 

Let us now consider the case that wt >1, in which the frequency 
1 


time of relaxation’ 


(e—n*)X, Consequently tg 6 = 


is much greater then so n?X*>e. Now « can be 


neglected and tg 6 = 


n?-+ 2 
n’X n? e+2 n® (e + 2) wT n? (e + 2) 
n?-+ 2 
In this case A, is a rising function of «.* 
Now K(Cwtgé =KCw“*; KO“*=A,. So 


Which conclusion may we draw from these calculations? For the given 
suppositions the theory of DeBiE will be valid for ot <1 and at a certain 
This follows thes: slle—w) +(e + + 

de n*+2 

1 + 2n? l 
n+2 £n? +2 
always is positive. 


is a constant, thus for all values of ¢ the formula 
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frequency for a greater « a greater loss will occur than at a smaller 


provided that t and the dipole molecules remain constant. Ml will 
dependent of w*, i.e. dependent of the square of the frequency. 

What is the value of this dissertation for our problem? In the regi 
where wrt <1 we consequently see, that if the dipole theory appears 
be applicable, matter with a greater dielectric constant will cause great : 
losses at a certain frequency, provided that t and the dipole molecu! 's 
remain constant. 

Considering the transitional sphere we may say that the place of tis 
sphere (wr-~~1) is determined by tr. By means of an example we mey 
elucidate the question as follows. When we have a mineral oil with : 


certain viscocity we do find a dependency for as of the square of the fro 


quency, provided that wt <1. If now we do raise the viscocity by means 
of glycerin than we do not want using very high frequencies to reac|: 
the transitional sphere but we artificially alter the place of the transitional 
sphere to lower frequencies. 

When on the other hand we have a liquid with a certain viscocity that 
cannot be changed, then the only thing we can do is to use higher fre- 
quencies until we reach the transitional sphere. 

Now for the case of the cancercell it is apparent that we cannot alter 
the viscocity. We thus cannot alter the place of the transitional sphere 
(ott). In a foregoing publication we stated that at a critical frequency 
we do have a maximum of dipole losses. This critical frequency occurs 
when the frequencyperiod is of the same size as the natural period of the 
dipole molecule. This natural period is i. a. determined by the viscocity 
and the radius of the dipole molecule.. The results obtained by others. 
and also our own experiments have made it probable that this frequency 
must be a very high one. As it is impossible to alter the viscocity of 
the cancercell the only way to solve the problem is to use very high fre- 
quencies. 

What we must investigate with regard to the dipole theory practic- 
ally is 


1. the value of — at a fixed frequency. 


‘2 


2. to define z at constant tension for different frequencies. 


If we find that Mf is constant at a fixed frequency and * = A,a 


then the examined tissue will fulfil (at least qualitatively) the dipol 
theory of DEBIJE. 
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} cperimental research for the value of the dipole theory of Debije for 
biological problems 


As we have already stated the starting point of our investigation has 
| en: the study of the influence of electromagnetic treatment of virulent 
t mourtissue at an ultra high frequency. In this connection it was obvious 
t test the theory both by experiments on different kinds of tumourtissue 
a d on normal tissues. 

Before going into the results obtained we will first give a description 
o the apparatus used. This can be divided into three parts: 

1. the transmitter; 

2. the apparatus for the thermo-electric measurement of the losses; 

3. the measuring apparatus for the high frequency field tension. 
We will describe the different parts successively: 


1. The transmitter 


For the generation of waves of 16—18 cms, with which the measure- 
ments were made, a magnetron transmitter was employed. 

Several parts of this transmitter, especially the transmitting valves 
have been kindly placed at our disposal by the N. V. Philips’ Works at 
Eindhoven, Holland. 

The high frequency energy obtained was radiated by means of a dipole 
aerial placed in one of the focal points of an elliptical copper box of suit- 
able dimensions. In the other focal point, the object to be measured and 
a dipole aerial for measuring the fieldtension, were placed, to be described 
in details sub. 3. The transmitter was completely mains fed (220 V >). 
The high frequency power obtained was 1.5 to 2 watts. 


2. Apparatus for measuring the thermo-electric losses 


For this purpose two thermocouples consisting of copper and constant- 
in were used. One of the couples was brought in the tissue to be measured, 
whereas the other couple was placed in melting ice. As indicating instru- 
nent a needle galvanometer with a sensitivity of 0.0375 x10~™ per scale- 
levision was used. 


8. Apparatus for measuring the fieldtension 


This is based on the principle of rectifying the high frequency field 
tension. For that purpose a dipole was placed in the second focal point 
of the copper box mentioned Sub 1. Concerning the further details of 
this apparatus read the description of the circuit diagram. In principle 


38— 380088. Acta Radiologica. Vol. XIX. 1938. 
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this method was first used during experiments to achieve a wireless co - 
munication on a wavelength of 17 cms between Dover and Calais by A. [, 
Reeves and E. H. Uric, to check in general which valves are the m« st 
suitable for rectifying those ultra-high frequencies. As we only want d 
to make relative measurements and the actual voltage was of less inter: st 
to us, we could suffice with a Philips A 415 triode valve with D. C. f d 
filament. To obtain enough damping reduction the grid was made a 
little positive. For the rest once again we refer to the description of t \e 
circuit diagram. 

The matter to be examined was put into a glass tube closed by a co.k 
at both ends, in the centre there was a small hole through which the th« r- 
mocouple could be brought into the tissue. This glass tube was situat«d 
in the second focal point. The thermal difference was measured as follows. 

After the tissue had attained the ambient temperature and a balance 
had been reached the meter was read. After this the test tube was radiated 
during six minutes. Then a new balance was established. Once again the 
meter was read. The difference between the readings was a measure for 
the losses. The drop in temperature was not taken into account. At the 
beginning, the end and during the treatment, the fieldtension was read. 
The last reading of tension during treatment was considered to be correct. 


Moreover it was required, that during treatment the tension would 
remain practically constant. At these high frequencies a small fluctuation 
cannot be prevented. Small voltage variations in the supply of the trans- 
mitter always influence the output and moreover the frequency-constancy 
of the transmitter is liable to much greater variations than at longer 
waves. Naturally this is also of influence on the rectifier which is tuned 


Belongs to Chapter II, fig. 1. 


The method is based on the rectification of highfrequency energy. 

In order to be able to feed the highest possible voltage to the A 415 valve, it is im- 
portant to supply the greatest part of the energy to the feederline connecting the Leche 
system with the filament. These must therefore be placed in a current antinode. Als» 
the length must be variable. 

In the filament supply line to the storagebattery a screen must be placed, so as to | 
able to tune this system also to */, A. 

The anodecurrent is measured by means of a millimeter (MA). 

In this line a beam-screen is also placed. The highfrequency peakvoltage occurrin 
across the valve can be measured with a compensating battery (CB), giving an inver* 
tension to the anode of the valve by reducing the anodecurrent to zero. This metho 
indicates the peakvoltage of the filament-anode system, although this is not equal for a 
points. A fixed positive tension is applied to the grid in order to obtain reduced damping 
The complete system is tuned once and for all to the optimum peak voltage at a certai 
output of the transmitter. Resonance must be adjusted sharply. 
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to a certain frequency. It is clear, that this considerably complicates th 
measurements and that we must take this into account when considerin - 
the results of the measurements. 


It is therefore absolutely necessary to make a series of measurement 
for each tissue and to determine the average of these. 


At first it was our intention to ascertain whether = was constan 


at a wavelength of 16—18 cms. While measuring different tissues i 
appeared that the deviation from the average value of a series of measure 
ments amounts to 10—12 %. During measurements it appeared howeve 
that to obtain values with a difference of less than 5—6 ° from the averag: 
values, it was necessary to wait at least 50 minutes after the death of th 
animal. In general the values obtained in the first 50 minutes were muc! 


lower than those obtained after that lapse of time. We did not find any 
kind of definite rule. 


Some of the values found are given below as an example: 
The values for Em Were determinated as follows: f. e. thigh muscle 


E = 4.54 volt; E*? = 20.61; V = 1, i. e. at the beginning of the radiation 
the galvanometer indicated 13. When balance was established this value 


was 14, difference = 1, so V = 1. 


Thigh muscle of a mouse 
V 


Heart muscle of a mouse 


Field tension 


Field tension 


0.048 at 4.5 YV. 
0.048 » 2.88 V. 
0.044 » 4.67 V. 
0.046 » 4.64 V. 
Average value 0.0456 
deviation 4 % 


0.056 at 3.98 V. 
0.056 » 4.23 V. 
0.062 » 2.52 VY. 
0.058 » 4.15 V. 
Average value: 0.058 
deviation 7 %,. 
Tarcancer of a mouse 
V 
0.12 at 3.6 V. 
0.11 » 3.5 V. 
0.11 » 3.2 V. 
0.11 » 3.1 V. 
Average value: 0.115 
deviation 1 %. 


Field tension 
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Kidney of a mouse Lung of a mouse 


7 Field tension V Field tension 
FE 
0.043 at 4.3 V. 0.052 at 4.13 VY. 
0.047 » 4.8 V. 0.050 » 4.17 VY. 
0.038 » 4.95 VY. 0.052 » 2.77 VY. 


0.046 » 4.95 V. 

0.047 » 4.4 V. 

0.043 » 4.8 V. 
Average value: 0.044 Average value: 0.051 
deviation 12 % deviation 6 °% 


Although on the ground of these measurements we can not definitely 
come to a decisive conclusion, it is evident, that the first condition stated 
sub. 1 concerning the validity of the dipole theory for animal tissue is 
nearly fulfilled, although under certain restrictions. 

However there are more points. Viz. when measuring malignant 
tumours, remarkable facts come to light. 

The fact is, that there are great individual differences. Large inocula- 
ted tumours (lympho-sarcoma) give values almost equal to those of normal 
tissues. If we calculate the total average of all the examined normal 


tissues, we obtain a value — 0.0535. For large inoculated tumours, 
4 
undoubtly already containing a considerable amount of necrosis, = 


0.064, 

For a large spontaneous tumour of a mouse the same values are valid. 

Small inoculated tumours however give a higher value: 0.09. When 
however measuring a tarcarcinoma, which indeed has great central 
decay but the tumour of which is still localised in the skin, we find the 
value 0.115. This is much as 2.1 times more than the general average 
for normal tissue. 

This might lead to the conclusion, that treatment with a wavelength 
of 16—18 ems is of little influence on inoculated tumours and spontaneous 
sumours of a mouse. 

Perhaps the influence on the tarcarcinoma could be greater. We will 
see, that the results of the experiments on animals confirm our supposi- 


tion. If we suppose for a moment, that ai in fact is a constant, then we 


can construct a deduced curve al = 2CE like drawing Nr. 2. C being 
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: 


4 3 
Fig. 2. Chapter II. 


T, tartumor 


a T, early lymphosarcoma 

T,; great spontaneous tumor 

V 

_ the value experimentally found for Er This curve shows, that the differ- 
ences between normal tissue and cancer tissue rise with the increase o' 
ae the fieldtension. 
4 a If the treatment has any influence, we may expect more result a’ 


high fieldtension than at lower tension, provided that the maximum 
admissable tension is not exceeded. 

We will see presently which are the results of the experiments on ani- 
mals. 

In connection with the peculiar deviating behaviour we observed 11 
our own experiments especially with tarcancer it may be of interest tc 
mention the experiments of WATERMAN who already in 1922, pointed ou’ 
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ie great difference of the so called . constant for healthy tissue and 


r tumour tissue. 
For cancer tissue this constant, representing the difference between 
larisation and Ohmic resistance of animal tissue, is '/, to '/; of normal 
ssue. 
During these experiments, which at the time were taken at frequencies 
om 256 to 924 cycles, it appeared that the values represented by cancer- 
ssue and normal tissue in electrical A. C. field, vary very much. 


Treatment of tarcancer in mice on a wavelength of about 16 ems 


The results of treatment of malignant tumourtissue of mice with 
| ERTZIAN waves from 3 meters to 25 cms, which we published in a number 
o! articles in this periodical, are not very encouraging. 

The technique, which strides along constantly, enables us to experi- 
ment on much higher frequencies. Through the great courteousness of 
tie Physical Laboratories of the N. V. Philips’ Works at Eindhoven, 
tlolland, we were able to make experiments on a wavelength of about 
i6 ems, corresponding to a frequency of about 1800 Mc/s. 

Contrary to our earlier investigations, the results we obtained with 

this frequency are more encouraging in as much, that it proved possible 
to influence the tumours. 

The difficulties to be conquered were great both from technical and 
from biological point of view. We will not give a detailed technical des- 
cription here of the apparatus used. We only mention, that the test ani- 
mal was placed in the field of a radiating dipole aerial, as was the case 
with our experiments at 25 cms. The test animal was put in a glass cage 
situated in an elliptical copper box. The dipole aerial was placed in one 
of the focal points, in the other focal point the cage with the test animal 
was standing. 

A special magnetron kindly placed at our disposal by the Physical 
Laboratories of the Philips’ Works at Eindhoven, Holland, in a suitable 
circuit set-up, generated the frequency mentioned. 

The output power amounted to about 1.5 4 2 Watts. In the beginning 
of our experiments, mice inoculated subcutaneously with a rapid growing 
lymphosarcoma were used. We had no results with these lymphosarcoma. 
Next we used mice with tarcancer. The great additional advantage of 
this method is, that it is possible to follow step by step any change of the 
tumours caused by the treatment. A handicap is, that the use of check- 
animals gives some difficulties in this case. 

Great individual differences exist with respect to the time of origin 
and the rapidity of the further development of tarcancer. We therefore 
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included a mouse in the experiments as check-animal at the moment th: . 
at least one carcinoma with a clearly visible decay was observed in tl} » 
skin. We followed the same rule for the animals to be treated. Owing 1 ) 
the fact, that each test-animal was rayed for a long time and the tran - 
mitting valves only have a limited lifetime (about 100 working hours), tl » 
number of test-animals was not very great. 

Consequently it was important to observe continuously the alteratic \ 
of the tumours of the different test-animals. 

Nevertheless we maintained the requirement of reproducebility viz : 
we always tried to repeat a positive result once obtained. It was difficu t 
to meet the requirement of reproducebility because of the short lifetim» 
of the transmittervalves. 

Measurement of the fieldtension being impossible, it is always necessary 
to take into account that certain failures may be caused by a too smal! 
intensity of radiation. This is of great importance because it is only 
possible to obtain results with the highest energy the test-animal can 
bear. 

By means of relative measurements of the high frequency tension 
we succeeded to obtain some sort of check upon the high frequency energy 
radiated to which the test-animal was exposed. 

Biological difficulties also cropped up. As stated already in an earlier 
aublication a prolonged daily irradiation is very injurious for the test- 
pnimals. 

Especially for mice with tarcancer who nearly always suffer from severe 
liver injury, the administering of high power during a prolonged period 
is very detrimental.. During our experiments we lost several test-animals 
because of this. 


At the hand of some curves we will now further discuss the results 
of the experiments. 

Curve I shows the time, some test-animals of two series of experi- 
ments lived from the day of the first treatment. 

In those curves two peaks, of 150 and 140 days respectively, are imme- 
diately apparent. 

It is clear, that with the animals in question something particular has 
happened in comparison with the other test-animals. 

We will therefore follow the life of one of these animals more accurately 
viz. that of test-animal 18627. 

At the beginning of the experiment, the animal had two carcinomat: 
on its back. One of them being 4 mms in size with raised wall and ¢ 
central crater. The second carcinoma was still very small. Also ther 
were some suspicious looking papillomata. 

The animal was irradiated for no longer than a quarter of an hour a‘ 
a time. This was repeated 4 to 5 times a day. 
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Mice with tarcancer. Check-animals. 


Fig. 3. Chapter III. Curve LI. 


In total the animal was treated 54 quarters of an hour extended 
over 12 days. After this, during 7 weeks, no ray treatment was given, 
after which the treatment was repeated during 45 quarters of an hour 
extended over 24 days. 

The process was as follows. 

22 days after the first treatment the 4 mms tumour had grown to 
1.5 cms. The papillomata had developed to 4 mms tumours and the 
beginning carcinoma had grown to a cauliflowerlike tumour of 3 mms 
in diameter. 37 Days later only some »suspicious» spots remained of the 
largest tumours. The rest of the tumours only could be recognised as 
»suspicious» looking scar. 

The cauliflowerlike tumour had receded to a very small affection. 

26 days after this it appeared that nearly all the tumours had dis- 
appeared. Only some peculiarly granulated points of the skin remained. 
One tumour appeared resistent and had diminished only a little. Again a 
series of ray treatments was given. Although at the beginning of the 
treatment the tumours diminished a little, they began to grow again 
after a short delay of time. 
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Curve II and III. 


—— — — — check-animals. 


Fig. 4. Chapter ITI. 
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The time of treatment was then doubled, but nevertheless, the tumours 
ontinued to grow and after 150 days, reckoned from the first treatment, 
he animal died with enormous tumours. 

The life of an other test-animal 19434, was very s?uilar; only that in 
ae first week of treatment, possibly because of the greater radiation 
nergy used, a great reduction resulted, contrarely the tumours of 18627 
ontinued to grow during the first series of treatment, which was ad- 
iinistered with much less energy, and only became smaller later on. 

By a fatal misunderstanding this test-animal was killed after 140 days. 
juring autopsy it appeared, that there was one ulcus carcinomatosum 

nd one large papilloma (small carcinoma’). 

If we look atcurve I again we see, that most of the test-animals 
‘ached an age, though differing individually, that did not differ much 
rom that of the check-animals, seemingly a rather meagre result. 
. close examination of curves II and III will however prove this to 
ve otherwise. 

In these curves we see the growth of the tumours of the check-animals 
during the first three weeks indicated by dotted lines. The other curves 
show the change of size of the tumours of the treated animals. 

In this connection it may be observed, that we only measured the 
central crater of the tumour and did not include the side of the tumours 
into our observation, as those sides vary greatly in size from day to day. 

The tumours appearing in curve III are irradiated with moderate 
power whilst an energy as great as possible was administered to the tu- 
mours of curve II. 

The influence of this is obviously expressed in the growth curves. 
In curve III it is only a question of delayed growth, eventually an inter- 
ruption of the growth; in curve II we clearly see a diminution which is 
especially great in the first week of treatment. 

It appears there also was a marked diminution of the tumour of the 
test-animals, who died in the 4th week (this especially was the case with 
most of the test-animals of fig. 3). 

Once we observed that a small tumour with a central crater of maxi- 
mum 3 mms disappeared absolutely. As we observed this phenomenon 
only once during our experiments described above, we must look upon 
it sceptically, until we succeed to reproduce this several times. 

If we examine the experiments described above, we may say, that 
a radiation energy at a wavelength of 16 cms administered in the largest 
doses bearable is able to greatly reduce tarcancers of mice, at the same time 
lengthening the life of the animals several months in comparison with the 
longest living check-animals. 

Perhaps the mentioned radiation energy is able to make very small 
tumours disappear. 


on 
a 
x 
if 
a 
| 
i 
“1h 


W. A. G. VAN EVERDINGEN 


Conclusion 


It is by no means surprising, that with the still imperfect techniqu 
in this new field of research, the absolute correctness of the theory o' 
DEBIJE is not proved. 

We only have found indications in this direction, but of great valuc 
as they show us without doubt the way to further investigation. 

Measurements proved, that at least one condition for the validity o 
the dipole theory is fulfilled with a considerable degree of probability. 
Investigation about the second condition of the theory which make: 


it necessary to define a at constant tension at different frequencies i 


not possible at this moment owing to the technical difficulties which arise 
when working at these high frequencies. The fact that we found greater 


: . dielectric losses in tarcancer than in other normal tissues seems to us of 
no great interest as it indicates us the way to further investigations. As 
Boe no influence at all is observed at lower frequencies and the first noticeable 
ome effect appeared at 16 cms, we may presume, we are still in a region 
4 


where wt <1. We thus deem it necessary to use still higher frequencies, 
so that we may reach the transitional sphere as explicated in chapter I. 


SUMMARY 


The author gives a theoretical outlook on DeBye’s dipole theory. A description 
is given of the apparatus used by the author to test the conditions for the validity of the 
theory for animal tissue at a wavelength of 16—18 c. M. There is evidence that one of 
these conditions is nearly fulfilled. A marked difference was found between norma! 
tissue and the tissue of some forms of experimental tarcancer. The results are given of 
radiation of mices with tarcancer with a wavelength of about 16 c. M. A remarkable 
reduction of these tumours is observed when the largest dosis bearable is given. In one 
case a small tumour disappeared totally. The life of the animals was lengthened for several 


months in comparison with the longest living test animals. The author concludes to the 
uses of still higher frequencies. 


ZUSAMMENFASSUNG 


Verfasser gibt eine theoretische Betrachtung der Dipol-Theorie von Desys. Die 
vom Autor verwendete Apparatur zur Untersuchung der Bedingungen fiir die Giiltig- 
keit der Theorie fiir tierisches Gewebe auf einer Wellenlinge von 16—18 c. M. wird 
beschrieben. Es ist wahrscheinlich dass einer dieser Bedingungen nahezu erfiillt wird. 
Eine auffallende Differenz wurde gefunden zwischen normalem Gewebe und Gewebe 
von einigen Formen von experimentellem Teerkrebs. Die Resultate werden mitgeteilt 
von Bestrahlungen von Mausen mit Teerkrebs, mit einer Wellenlinge von ungefihr 
16c.M. Eine auffallende Reduktion dieser Tumore wurde festgestellt wenn die héchst 
ertrigliche Dose verabreicht wurde. In einem Falle verschwand eine kleine Geschwulst 
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~glikommen. Die Lebezeit der Tiere wurde im Vergleich mit den lingst lebenden Kon- 


olletieren um mehrere Monate verlingert. Verfasser schliesst zur Verwendung von 
och héheren Frequenzen. 


RESUME 


L’auteur fournit un apercu théorique de la théorie dipolaire de DesByr. Descrip- 
m est faite de l'appareil employé par l’auteur afin d’éprouver les conditions de la va- 


| lité de la théorie en matiére de tissu animal, par une longueur d’onde de 16—18 em. 


est constaté que l'une de ces conditions est presque remplie. Une différence marquée 


{ t constatée entre les tissus normaux et ceux provenant de quelques formes de cancer 


goudron expérimental. L’auteur communique les résultats d irradiations sur des 


< uris atteintes de cancer du goudron, avec une longueur d’onde d’environ 16 cm. Une 


luction remarquable de ces tumeurs fut observée, lorsque fut appliquée la plus forte 
se tolérable. Dans un des cas, une petite tumeur disparut totalement. La vie de ces 
imaux fut prolongée de plusieurs mois, par rapport & celle des animaux de comparai- 


son ayant vécu le plus longtemps. L’auteur conclut A l’usage de fréquences encore plus 


utes. 
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FROM THE ROENTGEN DEPARTMENTS OF SABBATSBERG AND ASé HOSPITALS, STOCKHO! { 


THE ARTHROGRAPHIC APPEARANCE OF THE LIG. 
MENTS OF THE KNEE JOINT’ 
by 
Knut Lindblom 


Most authors who described arthrographic findings in the knee join‘, 
gave attention only to the menisci. Other authors also studied arthritis, 
free bodies, ligamentous lesions etc. but none of them gave any compleie 
description of the normal or involved ligaments as seen on the arthro- 
gram. The arthrographic visibility of the crucial ligaments has even been 
contradicted (ScHum). 

The authors who made arthrographic studies of the ligaments of the 
knee joint, were Horra, BrrcHER, OBERHOLZER, STOR, KROMER and 
ScHAER. 

Horra found the posterior crucial ligament visible in the lateral view. 
He used air as contrast medium. 

BrrcHeR, using perabrodil combined with oxygen, found that the 
crucial ligaments in the frontal view formed a broad band from the 
eminentia intercondyloidea of the tibia to the intercondylar fossa of the 
femur. He did not mention the lateral view. 

OBERHOLZER, using BIRCHER’s method, stated that the crucial liga- 
ments were visible but seldom distinguishable from each other. He referred 
only to the frontal view and did not either describe the appearance of 
the ligaments in the lateral view. Regarding lesions in the regions of tlic 
collateral ligaments he considered a leakage of contrast medium into the 
pararticular tissue as proof of a capsular rupture, and if the leakage appea’- 
ed caudally to the femoral epicondyle, the case would probably have a» 
uncomplicate capsular lesion. He made no explanation or further di:- 
tinction, but the consequence of his statement is that for instance a ruj 
ture beneath the medial meniscus should not be combined with a lig: 
mentous lesion. 

Stér, who used small quantities of uroselectan B, found that th 
crucial ligaments were visible in the lateral view. In the next sentenc 


1 Submitted for publication Nov. 11, 1938. 
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aowever, he made the following reservation: »Doch lassen sie sich wegen 
cu vieler Uberschneidungen nicht frei gliedern.» In order to avoid the 
lifficulties caused by overlapping shadows he recommended the oblique 
"iews. 

Kr6MER, using a combination of small quantities of perabrodil or 
iroselectan B and oxygen, studied the ligaments in the frontal view. He 
tated that the arthrographic signs of lesions of the crucial ligaments 
vere uncertain. However, pararticular leakage of contrast on the medial 
ide might indicate a rupture of the tibial collateral ligament. The 
liagnosis of this lesion was facilitated by forced abduction during the 
xposure. 

ScHAER, using only a positive contrast medium, recommended the 
rontal view with 40 degrees flexion of the knee. In that manner a 
esion of the crucial ligaments might be visible. The lateral view was 
1ot mentioned. 

In the same paper as above KrOmMER expressed the common opinion 
that the roentgenologic diagnosis of lesions of the crucial ligament is 
superfluous, since the clinical signs are typical. Other authors as WITTEK- 
Graz, BrrcHER and ScuakEr, however, pointed out that many exploratory 
arthrotomies are carried out because of wrong or uncertain diagnoses of 
those ligamentous lesions. 

Some of the facts causing difficulties to the clinical diagnosis should 
be mentioned. The »drawer sign» may be restricted by a compensatory 
increase of the muscular tonus and appear only in narcosis or in spinal 
anaesthesia. On the other hand the same sign may appear both normally 
and in cases with ligaments overstretched by a long standing exudate. 
The lack of stability in semiflexion during abduction-adduction move- 
ments is also uncertain as a sign of lesion of the crucial ligaments because 
of its occurrence in normal cases and its dependence of the conditions of 
the collateral ligaments. The localization of a rupture of the tibial collater- 
al ligament may be rendered difficult by large haematomata.. The com- 
bination of a rupture of the tibial collateral ligament with a separation 
of the medial meniscus from the capsule and the collateral ligament can 
hardly be diagnosed until the lesion of the meniscus causes symptoms of 
locking etc. The degree of an arthrosis, secondary to the ligamentous 
lesion, may not be determined by clinical investigations or even by the 
usual roentgenologic examination. 

In every case it is, of course, possible to determinate the nature 
of the lesion by exploratory arthrotomy, but if arthrography can give 
the same information, it is preferable because of its simplicity. The direct 
inspection of the joint has the advantage of exactness, but arthrography 
allows visualization of the entire joint. According to recent authors 
arthrography is innocuous, and apart from a few cases where a synovial 
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irritation arises, it does not cause the patient more than one day’s in. 
validation. 

Detailed visualization of the entire joint cavity is possible only i 
the contrast medium penetrates into all recesses of the jomt and remain: 
there in a sufficient quantity during the examination. To fill the forme 
conditions the medium must dissolve in the synovia, since otherwise th: 
synovia will blockade pocket-shaped small recesses. The latter conditior 
requires a great contrast effect of the medium. Gas alone does not fil 
these conditions, especially as it cannot enter all the spaces, at least no: 
the capillary ones. This inability of gas was found not only in the author’: 
investigations but also in the series of BrRcHER and OBERHOLZER. By 
combining a gas and a positive contrast medium soluble in water th: 
study of ‘the roentgenogram becomes more difficult because the latte: 
will spread all over the joint cavity and the former will fill the joint in- 
completely and to an unknown extent. 

Not only must the arthrograms demonstrate all parts of the joint 
cavity, but the interpretation of the views must also be adequate, which 
demands a thorough knowledge of the anatomy of all the recesses of the 
joint. Existing descriptions are not exhaustive in this respect. 


Anatomy 


Anatomical studies were made on 5 casts of the joint and on several 
dissection specimens. The casts were obtained through injection of a 
solution of cellulose nitrate in acetone and a digestion of bone and soft 


Fig. 1. Photograph of a dissection specimen showing the anterior crucial ligament 
from the ventral side. The ligament is between the arrows. The left arrow also points 
to the deep recess between the ligament and the lateral tubercle. At p. s. the cross 
section surface of the plica synovialis patellaris. 

Fig. 2. Photograph of a cast of the joint seen from the anterior and inferior side. 
The arrow points to the groove for the anterior crucial ligament seen longitudinally: 
Lateral to the arrow is the recess between the ligament and the lateral tubercle. — 
a. r. marks the recess between the infra-patellar pad of fat (i. p.) ete. and the tibia! 
attachment of the anterior crucial ligament etc. (see text). — s. b. marks the bursa 
gastrocnemio-semimembranosa and s. t. the groove for the semimembranosus tendon. 

Fig. 3. Photograph of a dissection specimen showing the posterior crucial ligament 
from behind. The ligamentous substance is between the horizontal arrows. Synovial 
covering exists between the oblique arrows and the right horizontal one. 

Fig. 4. Photograph of a cast of the joint seen from behind. The arrows point to the 
places of the crucial ligaments, the anterior to the left, the posterior to the right. Between 
the arrows is the recess which covers the superior part of the anterior crucial ligament up- 
wards and the superior and lateral part of the posterior one outwards. — |. r. and m. r 
mark the lateral and medial recesses around the posterior parts of the femoral condyles. 
— |. m. and m. m. mark the places of the menisci and p. t. the bed of the popliteus tendon. 
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tissues in concentrated hydrocloric acid. The experience gained from 
these studies is the basis of the following description. 

To the description concerning the ligaments has been added another 
one about the tendons of the popliteus and semimembranosus muscles, 
the infra-patellar pad of fat and the plica synovialis patellaris. This 
digression is necessary because of the difficult distinction when the 

39— 380088. Acta Radiologica, Vol. XIX, 1938. 
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Fig. 6. 


Fig. 5. Photograph of a cast of the joint seen from the inferior and posterior side. 
The arrow points to the place of the posterior crucial ligament seen longitudinally. —- 
m. r. marks the recess around the posterior part of the medial femoral condyle. - 
s. m. m. marks superior limitation of the space for the medial meniscus. — a. r. marks 
the recess between the infra-patellar pad of fat and the tibia etc. 

Fig. 6. Photograph of a cast of the joint seen from the lateral side. — p. t. marks the 
bed of the lateral meniscus. — 1. r. marks the recess around the posterior parts of the 
lateral femoral condyle. — i. p. marks the posterior limitation of the infra-patellar pad 
of fat, and a.r. the recess between this and the anterior crucial ligament etc. (see text). 


shadows of those tendons etc. are lapping over the shadows of the crucial 
ligaments. 

Anterior crucial ligament. (Figs. 1, 2, 7—9 and 10—13.) In cross 
section about half the surface of the anterior crucial ligament is in contact 
with the joint cavity. This contacting surface is the lateral half except 
at the tibial attachment, where the superior surface presents the contact. 
The cavity above the tibial attachment is a broadbased flat recess (Figs. 
2, 5 and 6, a. r.), extending forwards between the attachment of the crucia! 
ligament, the superior surface of the tibia and the anterior part of the 
lateral meniscus on the inferior side, and the plica synovialis patellaris. 
the infra-patellar pad of fat, the transverse ligament and the anterior 
part of the medial meniscus on the superior side. The joint cavity covering 
the main part of the anterior crucial ligament is a narrow space along 
its lateral side, extending somewhat more to the superior than to the 
inferior surface. When the knee is flexed, this space is wider. The widen- 
ing occurs especially in the superior part which forms a recess (Fig. 4) 
extending far posteriorly. The inferior part of the space runs deeply 
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between the crucial ligament and 
the top of the lateral tubercle 
(Figs. 1 and 2), but forms for the 
rest a shallow groove. Posterior to 
the attachment of the ligament this 
groove widens into the superior 
part of the large recess (Fig. 4) 
around the posterior parts of the 
lateral femoral condyle. On the 
lateral side of the ligament the 
contact with the joint cavity does 
not extend .so far’ posteriorly as 
on the superior and inferior sides. 

Medially the ligament has no 
synovial covering but is in contact 
with the posterior crucial liga- 
ment, fat tissue and the lateral 
surface of the medial tubercle. A 
bursa between the crucial liga- 
ments does not communicate with 
the joint. 

In arthrography the lateral 
view (Figs. 7—9) should show the 
superior margin and at least a 
portion of the inferior margin of 
the anterior crucial ligament 
sharply defined by the contrast 
medium. In the frontal view 
(Figs. 10—13) the lateral side of 
the ligament should stand out 
distinctly but less extensive than 
in the lateral view and foreshorten- 
ed by projection. 

Posterior crucial ligament (Figs. 
3—5, 7—9 and 10—13). The pos- 
terior crucial ligament is also partly 
in contact with joint cavity. To 
a small extent at the femoral at- 
tachment the contact is almost 
circular (Figs. 4 and 5) with the 
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Figs. 7—9. Lateral diagrams of the joint 
recesses and spaces contouring the crucial 
ligaments, the lateral meniscus and the 
popliteus tendon, and the medial meniscus. 
—a.c.a. and p. ec. l. mark the anterior and 
posterior crucial ligaments, |. r. and m. r. 
the lateral and medial recesses around the 
posterior parts of the femoral condyles. — 
i. p. marks the infra-patellar pad of fat and 
a.r. the recess between i. p. and the tibial 
attachment of the a. c. |. ete. — p. t., lL. m. 
and m. m. mark the beds of the popliteus 
tendon and the lateral and medial menisci. 


shape of a spirally turned band, starting upwards laterally, continuing 
ventrally and medially, ending downwards dorsally. The corresponding 


portions of the joint cavity are the recess above the posterior part of 
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Figs. 10—13. Frontal diagrams of the joint recesses and spaces contouring the crucial 
ligaments. The upper diagrams show the conditions in semiflexion, and the lower one 
in extension. The left diagrams present the anterior parts, and the right the posterior 
ones. The ligaments themselves are marked by dotted lines. — i. r. marks the joint space 
at the lateral side of the medial condyle; this space does not run in the same plane as the 
anterior crucial ligament. — s. r. marks the septum between the lateral and medial re- 
cesses around the posterior parts of the corresponding femoral condyles. 


the anterior crucial ligament, the joint space between the medial con- 
dyles, and the large recess around the posterior part of the medial 
femoral condyle. On the posterior side of the ligament the latter recess 
continues down to the superior surface of the medial meniscus (Figs. 3 
and 5). This recess forms the only extensive synovial contact of the liga- 
ment. Below the medial meniscus the ligament is extra-capsular. 

The lateral arthrogram (Figs. 7—9) should show the posterior border 
of the ligament from the femoral attachment to the medial meniscus 
and a small superior portion of the anterior one sharply defined by contrast 
medium. In the frontal view (Figs. 10—13) a short limitation should be 
found on the lateral and medial sides of the ligament at its femoral 
attachment. 
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Tibial collateral ligament. On the lateral side the tibial collateral liga- 
ment is covered with synovial membrane 1 cm. cranially and */, cm. 
caudally from the superior and inferior surfaces of the medial meniscus. 
The ligament causes no impression into the joint cavity. The meniscus 
is fixed to the ligament, both to its femoro-tibial part and to its fibers 
running from the femur to the posterior part of the meniscus (PALMER). 
At the “capsular attachment of the meniscus the joint cavity often forms 
a longitudinal groove less than 1 mm. in depth. 

In the arthrogram the tibial collateral ligament should not be dis- 
tinguished without the presence of a capsular rupture and a spread of the 
contrast medium into the pararticular tissues. 

Fibular collateral ligament. The fibular collateral ligament is entirely 
extra-capsular. In this context it has no interest. 

Tendon of the popliteus muscle (Figs. 4, 6 and 7—9). The joint cavity 
covers the popliteus tendon to */, at its attachment, to '/, at its passage 
over the meniscus, and on one side below the meniscus. All over the cover- 
ing occurs on the condylar side. — The lateral view (Figs. 7—9) should 
show the upper part of the superior margin and the whole of the inferior 
one. In the frontal and oblique views the medial margin should be visible. 

Tendon of the semi-membranosus muscle (Fig. 2). The bursa gastroc- 
nemio-semimembranosa (Fick), posterior to the medial femoral condyle, 
half-surrounded the semimembranous tendon. The upper part of the 
bursa covers the tendon from the ventral side and the lower one from the 
lateral side. When the bursa communicates with the joint cavity, it 
should be visible in the arthrogram. In a lateral view the bursa lies entirely 
behind the joint and cannot influence upon the interpretation of the 
intra-articular contours. In an oblique view the lateral limitation of the 
tendon might be mistaken for that of a crucial ligament. 

Infra-patellar pad of fat and plica synovialis patellaris (Figs. 1 and 2, 
6 and 7—49, i. p. and p. s.). The infra-patellar pad of fat is in contact w ith 
the joint cavity on the inferior and posterior sides. Its surfaces may be 
irregularly fissured. The plica synovialis patellaris is like a band covered 
with synovial membrane, crossing the joint cavity superiorly to the ventral 
part of the anterior crucial ligament. 

In the arthrogram the outlines of the infra- -patellar pad and the plica 
may cause irregular or string-like shadows above the tibial attachment of 
the anterior crucial ligament. In the frontal view they may cause diffi- 
culty in the identification of the crucial ligaments. 


Technic 


If exudate or blood were present in the joint, they were removed 
as completely as possible. Ten to 15 cc. of 4 parts of 35 percent 
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perabrodil and 1 part of */, per cent novocain were injected. If the joint 
was not wholly emptied, the larger contrast quantity was used. Immedi- 
ately after the injection the supra-patellar recess was compressed by a 
circular bandage, and the knee was flexed and rotated a great number of 
times. During the movements and also later on during the lateral exposure 
the patient had to relax, since muscle contraction might compress the 
posterior recesses. The films were taken as soon as possible because of 
the rapid resorption of the contrast medium. 

Stereoscopic films were taken latero-laterally with the knee flexed 
to 90 degrees, ventro-dorsally and obliquely with the knee extended, 
and dorso-frontally with the knee flexed about 50 degrees. In the latter 
view the film was placed against the ventral side of the tibia and the beam 
of radiation was directed from behind through the intercondylar fossa of 
the femur parallelly to the upper surface of the tibia. The lateral view 
was excessively exposed in order to show the details otherwise obscured 
by the condyles. 

Attempts to use either oxygen or perabrodil and oxygen together gave 
less satisfactory results. No statement could be made of imbibition of 
the crucial ligaments with perabrodil visualizing them 3 hours after the 
injection, as was. suggested by LAARMANN. 

After the whole proceeding the patient had to keep in stillness for the 
rest of the day. Irritation causing pain or hydrops, was rare and inno- 
cuous. 


arthrographiec material 


During 1936—38 a great number of arthrographies of knee joints were 
made, most of them in collaboration with dr. I. PALMER in the 2nd surgi- 
cal clinic of Sabbatsberg Hospital (See List of authors). In earlier cases 
the crucial ligaments appeared indistinct on account of poor technic. 
Those earlier cases were excluded in this series, and so were the cases 
with obscurity in clinical signs and lack of operative verification. 


The normal ligaments in the arthrogram 
(26 cases) 


Anterior crucial ligament. In the lateral view (Figs. 14—17) the an- 
terior crucial ligament appeared as a filling defect about 5 mm. wide, ex- 
tending backwards and upwards from the anterior intercondylar fossa 
of the tibia forming an angle of 45 degrees with the upper surface of the 
tibia. The defect had a distinct superior limitation, particularly in the 
region of the attachments of the ligament. In the intermediate portion 
the limitation might be less distinct. Ventrally to the tibial attachment 
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Figs. 14—17. Lateral arthrograms showing different appearances of normal crucial liga- 
ments. Compare Figs. 7—9. 


the superior limitation curved forwards and ran parallel to the superior 
tibial surface at a distance of 1 to 2 mm. from the bone. The inferior 
limitation was usually distinct only in the neighbourhood of the lateral 
tubercle. At the femoral attachment a linear continuation of the inferior 
surface of the ligament was formed by the superior surface of the recess 
surrounding the posterior part of the lateral femoral condyle. 
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Figs. 18—19. Frontal arthrograms showing the appearance of the intercondylar region 
in semiflexion (right) and extension (left). Compare Figs. 10—13. 


In the frontal view (Figs. 18—19) the anterior crucial ligament 
appeared as a filling defect within and above the intertubercular sulcus 
of the tibia. This defect had only a lateral short limitation running up- 
wards and outwards from the region of the lateral tubercle. 

Posterior crucial ligament. In the lateral view (Figs. 14—17) the pos- 
terior crucial ligament appeared as a 6 to 8 mm. wide filling defect runn- 
ing backwards and downwards from a point 1'/, to 2 cm. above the apices 
of the tubercles, and forming an angle of 60 degrees with the superior 
surface of the tibia. From the femoral attachment to the superior surface 
of the medial meniscus this filling defect had a distinct posterior limitation 
formed by the large recess surrounding the posterior part of the medial 
femoral condyle. The anterior limitation was distinct only some millime- 
ters just above the top of the medial tubercle. 

In the frontal view (Figs. 18—19) the filling defect caused by this 
ligament was seen beneath the lateral side of the medial femoral condyle at 
the superior attachment of the ligament, but only to the extent of about 
2 mm. 

As the crucial ligaments were more difficult to identify in the frontal 
than in the lateral view, some more details may be added to the des- 
cription of the frontal one. From the space between the medial tubercle 
of the tibia and the medial condyle of the femur a comparatively wide part 
of the joint cavity ran laterally upwards and outwards along the lateral 
surface of the inner femoral condyle (Figs. 18—-19). The direction of this 
part was about the same as that of the anterior crucial ligament, but the 
ligament was situated more laterally. A filling defect, about 1 cm. wide, 
running in the direction of the posterior crucial ligament though 1 cm. 
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more laterally, corresponded to the broad septum between the two large 
recesses of the posterior part of the joint. 

Tibial and fibular collateral ligaments. These did not appear as filling 
defects. 

Tendon of the popliteus muscle. The popliteus tendon was visible in the 
lateral view (Fig. 14) as a 3 to 4 mm. wide filling defect running from a 
point 1 em. above the inferior contour of the lateral femoral condyle to 
the posterior surface of the lateral tibial condyle, forming an angle of 
30 degrees to the superior tibial surface. This filling defect had a distinct 
inferior limitation in its entire extent, whereas a superior margin was often 
seen above the lateral meniscus. It seemed as if the superior limitation 
disappeared if the lateral side was compressed by a bandage or by fixing 
the knee against the table. The inferior limitation was most easily found 
by first identifying the recess adjacent to the posterior surface or the 
lateral tibial condyle; from this recess the inferior margin of the tendon 
was followed forwards and upwards about parallel to the posterior sur- 
face of the tubercles. 

In an oblique view, where the latero-posterior part of the lateral 
meniscus was seen tangentially, the popliteus tendon appeared as a cres- 
centic filling defect with a distinct limitation on the medial side against 
the lateral meniscus. In the frontal view the filling defect was situated 
above the meniscus. 

The study of the arthrograms confirmed that the margins of the crucial 
ligaments did not appear so distinctly in an oblique view as they did in 
the lateral one. However, some degrees of oblique projection for taking 
stereoscopic views might facilitate ‘the distinction of the shadow of the 
posterior crucial ligament from that of the popliteus tendon. 

The infra-patellar pad of fat and the plica synovialis patellaris. Those 
were distinguishable in the lateral view (Figs. 14—17) as filling defects 
above the region of the tibial attachment of the anterior crucial ligament. 
The shadow of the plica itself was little distinct or lacking. The posterior 
surface of the infra-patellar pad was often very irregular, which was also 
stated by previous authors. In the frontal view the contrast-filled fissures 
of the pad and the limitations of the plica caused irregular additional 
shadows in the intercondylar region. 


Arthogram in rupture of the anterior crucial ligament 
(10 cases) 


Inveterate lesions (7 cases). In the lateral view (Figs. 20—21) the 
cases showed a contrast filling in the place normally occupied by the 
ligament. This contrast filling made the posterior crucial ligament 
stand out also with an extensive anterior limitation. In 5 cases this con- 
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trast filling was visible also in the frontal view. (Figs. 22—23). In one 
of the remaining 2 cases the frontal view gave an uncertain result, and in 
the other case, although only a thin string of the ligament remained, it 
seemed to show normal conditions. 

In the lateral view only the appearance of the tibial attachment 
of the ligament was variable. In this region one case showed an irregular 
shadow of soft tissues corresponding to granulation tissue (Fig. 20) and 
another case a contrast-filled cavity extending to the bottom of the 
anterior intercondylar fossa (Fig. 21). In this respect the remaining cases 
had an intermediate position. 

A detailed arthrographic study of the superior attachment of the 
ligament was not possible in any case. 

Recent lesions (3 cases). None of these cases showed contrast filling 
in the region of the ligament. In one case the usual contours of the 
ligament were missing, and the lateral view (Fig. 24) showed a rounded 
shadow of soft tissues at the tibial attachment. At operation this shadow 
proved to be caused by the crucial ligament, which was ruptured at the 
superior attachment, and pulled down and rolled up at the inferior. In 
this case the missing contrast filling of the normal place of the ligament 
was probably accounted for by coagula. 

In the 2 other cases of recent lesions the lateral view showed the 
shadow of the ligament in its normal place. One of them had a rupture 
at the tibial attachment, from which a small bony fragment was worn 
off. Also in this case the lateral view (Fig. 25) showed a rounded shadow 
of soft tissues situated at the tibial attachment, but this time the shadow 
was obviously caused’ by blood clots. The other case had a partial rupture 
of the ligament.- The lateral view of this case (Fig. 26) showed contrast 
filling of a longitudinal fissure in the inferior portion of the ligament. 
whereas the rest. of the ligament was intact. The frontal view (Fig. 27) 
on the other hand showed the intertubercular sulcus filled with contrast 
to the same extent as in the inveterate lesions. Without the guidance of 


the lateral view the ligament might have been wrongly interpreted as 
highly defect. 


Arthrogram in rupture of the posterior crucial ligaments 
(2 cases.) 


Arthrography was made in 2 cases, both with recent lesions. In one 
of them the posterior recesses of the joint contained practically no contrast 
medium. In the other case a partial contrast filling of those recesses was 
obtained but still no distinct contours of the posterior crucial ligament 


could be distinguished (Fig. 28). The reason for the lack of filling seemed 
to be blood coagula. 
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ARTHROGRAPHIC APPEARANCE OF THE LIGAMENTS 


Figs. 20—23. Lateral and frontal arthrograms of inveterate lesions of the anterior crucial 
ligament. The ligament is atrophied; its place is contrast filled. The posterior ligament 
has a more extensive anterior limitation than normally. 


Both cases had a rupture of the tibial attachment of the ligament, 
including bony fragments. In one case the fragments were dislocated to 
the level of the joint space and seen in all usual projections. In the 
other case the fragments were left in the region of the tibial attach- 
ment (Fig. 30, compare Fig. 29) and visible only by a previously not 
described projection, in which the beam of radiation runs in the sagittal 
plane, tangential to the tibial attachment of the posterior crucial 
ligament. 
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Figs. 24—27. Lateral and frontal diagrams in recent lesions of the anterior crucial liga- 

ment. Fig. 24 shows the ligament rolled up at the tibial attachment, Fig. 25 the liga- 

ment ruptured at the tibial attachment, and Figs. 26—27 a fissure in the inferior portion 
of the ligament. (see text). 


Arthrogram in rupture of the tibial collateral: ligament 
(18 cases) 


In this group the cases had recent lesions. One case in addition had 
an inveterate one. Pararticular leakage through a capsular rupture was 
seen above the meniscus in 3 cases and below it in 2 cases. Three cases 
showed a separation of the medial meniscus from the capsule and the liga- 
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Fig. 28. Lateral arthrogram in a case 
of a recent rupture of the posterior crucial 
ligament at its tibial attachment. 


Figs. 29—30. Radiograms taken in 
caudocranial direction tangentially to the 
tibial attachment of the posterior crucial 
ligament. Right fig..represents the same 
case as in Fig. 28; arrow points to the 
torn-off fragment. Left fig. represents a 
normal case. 


ment. In one case the separation of the medial meniscus was combined 
with a capsular rupture above it. 

In all cases of leakage above the meniscus (Fig. Bl)a rupture was found 
at the superior attachment of the ligament. In one of the 2 cases with 
inferior leakage the ligament proved to be ruptured about 3 cm. below the 
meniscus and dislocated into the joint cavity between the meniscus and 
the tibia. Before operation the dislocation of the stump of the ligament 
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Figs. 31—34. Frontal arthrograms in lesions of the tibial collateral ligament. Fig. 31 

shows capsular leakage at the femoral attachment of the ligament, where the rupture was 

situated. Fig. 32 shows the leakage below the meniscus in a case with inferior rupture 

and dislocation of the ligamentous stump into the joint. Fig. 33 illustrates how the 

meniscus follows the intact portion of the ligament when forced abduction is made. 

Fig. 34 shows a partial separation (—) of the meniscus from the capsule as complication 
to a rupture of the tibial collateral ligament. 


could be suspected from the arthrogram (Fig. 32) but not from the clinical 
symptoms. 

In 2 cases films were taken during forced abduction. In one case the 
meniscus followed the femoral condyle (Fig. 33), in the other a space 
arose on both sides of the meniscus. The former case was ruptured at 
the tibial attachment of the ligament, and the latter showed symptoms 
of a superior rupture. 

The separation of the meniscus from the ligament was complete only 
in one case. In the other case it appeared as a deepening of the groove 
along the capsular attachment of the meniscus (Fig. 34). 
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ARTHROGRAPHIC APPEARANCE OF THE LIGAMENTS 


Conclusions 


The normal crucial ligaments are visible and separable in the arthro- 
gram, more completely in the lateral than in the frontal view. 

The long ago ruptured and then usually atrophied anterior crucial 
ligament leaves a contrast filling in its place except for the region of a 
remaining stump or regenerated tissue. No cases of inveterate lesions of 
the posterior crucial ligament were included in this study, but there is 
no reason why such a contrast filling should not occur in the place of the 
posterior ligament in corresponding conditions. 

The recently ruptured crucial ligament may leave contrast filling in 
at least parts of its place, but on the other hand this filling may lack 
because of blocking blood clots. The collateral ligaments are not visible 
in the arthrogram, but accessible to arthrographic diagnostics are the 
instability in ‘abduction movements and such complications to a recent 
rupture of the tibial ligament as separation of the medial meniscus or 
capsular rupture above or below the meniscus and with or without a liga- 
mentous stump sucked into the joint. 


SUMMARY 


A review of the literature on ligamentous lesions of the knee indicates that the cru- 
cial ligaments are visible in the arthrogram, but not to the expected extent. According 
to the author’s opinion this lack depends on incompleteness in contrast filling and lack 
of detail in anatomical descriptions. 

The author uses only a contrast medium, which is soluble in water. 

After a report of studies on anatomical specimens the author describes the arthro- 
graphic appearance of the ligaments in normal and pathological cases. The latter cases 
include lesions of the tibial collateral and of the two crucial ligaments. 

A thorough study of the crucial ligaments was possible in all these conditions. Le- 
sions of the tibial collateral ligament sometimes proved to be complicated by a capsular 
rupture, or a separation of the medial meniscus. 


ZUSAMMENFASSUNG 


Ein Uberblick iiber die Literatur, in der Ligamentschiden im Kniegelenk zur Sprache 
kommen, ergibt, dass die Kreuzbinder arthrographisch sichtbar sind, obgleich nicht in 
einem solchen Ausmasse, wie man es erwartet hitte. Nach Ansicht des Verf. beruht die 
mangelhafte Ubereinstimmung zwischen Theorie und Praktik hier auf unvollstandiger 
Kontrastfiillung und unvollstaéndiger anatomischer Beschreibung. 

Verf. bedient sich nur eines Kontrastmittels, das in Wasser léslich ist. 

Auf seine Beschreibung von anatomischen Detailstudien an Priparaten folgt eine 
Darstellung des Aussehens der Ligamente in normalen und pathologischen Fiillen. Die 
letzteren umfassen Schiden der Kreuzbinder und des tibialen Seitenligamentes. 

Unter allen diesen Bedingungen war ein eingehendes Studium der Kreuzbinder 
méglich. Liasionen des tibialen Seitenligamentes zeigten mitunter eine Komplikation 
mit einer Kapselruptur oder einer Ablésung des medialen Meniskus. 
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RESUME 


Un apercu de la littérature traitant des lésions ligamenteuses du genou démontre, 
que les ligaments cruciaux sont arthrographiquement visibles, bien que non pas dans 
l’étendue présumée. Suivant l’avis de l’auteur, le manque de concordance entre la théorie 
et la pratique dépend d’un remplissage de contraste insuffisant et d’une description 
anatomique incompléte. 

L’auteur n’utilise qu'un seul contraste, soluble dans l'eau. 

Aprés une description d’études de détails anatomiques sur préparations, l’auteur 
présente un exposé de l’aspect des ligaments dans des cas normaux et pathologiques. 
Ces derniers cas comprennent des lésions des ligaments cruciaux et du ligament tibial 
collatéral. 

Une étude approfondie des ligaments cruciaux a été rendue possible sous toutes 
ces conditions. Les lésions du ligament tibial collatéral se sont parfois montrées compli- 
quées d’une rupture de la capsule adjacente ou d’une séparation du ménisque médial. 
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The ACTA RADIOLOGICA, published by the Radiological Socie- 
ties of Denmark, Finland, Holland, Norway, Sweden, and Switzer- 
land, contain original articles on roentgen diagnostics and radiothe- 
rapy, in English, French or German, every article being furthermore 
supplemented with summaries in all those three languages. Each 
yearly volume contains about 600 pages published in six numbers and 


is richly illustrated. So far, 19 volumes and 36 supplementary volumes 


have been published. 
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NO RADIOLOGIST CAN GET ALONG 
WITHOUT THE 


ACTA RADIOLOGICA 


Subscription through the Editorial Office of the Acta Radiologica. 
Stockholm 2 (Sweden) or through the booksellers. 
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